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Chapter - 1 
General Introduction 
Chapter - I 
General Introduction 
1.1 INTRODUCTION 
Since its own inception, man is always engaged in the tussle 
between himself and the environment around him. Due to his over 
sustained efforts he could now control his environment and calamities 
with the aid of emerging new science and technology. This has 
resulted in the improvement of the quality of life and its expectancy. 
However, with the over increasing trend in the World population, 
problems of food, health and hygiene are widening day by day [1]. 
Thus putting pressure on man to increase agricultural production. 
In modern agriculture and to achieve the above goal the role of 
pesticides can not be over emphasised. Its wide spread use had played 
an important role in the success of Green Revolution and solving the 
problem of adequate grain production in our country. 
Most of the pesticides are applied to soil to combat soil borne 
diseases and pests or they become systemic to provide tolerance to 
plants against air borne pests and diseases. However, when pesticides 
are applied to soil or come in contact with soil they bring about 
changes in physico-chemical and biotic properties of the soil. In 
addition to this, besides eliminating both target and beneficial insects 
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and other organisms, their application cause ecological imbalance. The 
plants develop phototoxicity symptoms when the concentrations reach 
higher level often resulting in the destruction of useful plants. They 
also enter into the food chain causing toxicity to the human beings, 
animals and other organisms. Quite a large amount of pesticides 
reaches the water resources causing toxicity to flora and fauna. By 
and large, pesticides are toxic chemical substances which are used to 
kill pest of widely different taxonomic categories. Thus the 
indiscriminate use of pesticides poses a great threat both to the human 
health and the environment. [2] 
The pesticides are commonly characterized on the basis of target 
group of organisms such as fungicides against fungus, insecticides 
against insects, herbicides against herbs, weedicides against weeds, 
nematicides against nematodes, bactericides against bacteria, algicides 
against algae, piscicides against fishes and rodenticides against rats 
etc. 
The chemical crop protection is no doubt a profit induced 
poisoning of the environment. In order to provide awareness about the 
hazards of pesticides many books [3-18] and reviews [19-27] have 
been published and symposia [28-31] have been organised on the 
subject as a warning of the potential hazards. The first book written 
on subject 'Silent Spring' by Rachel Carson [3] was followed by 
3 
many books on the pesticides giving practical information on the 
assessment of the pesticides hazards. Two of these to mention 
spacially are : "Hazards Assessment of Chemical" by Saxena and 
Fisher [17] and 'A Growing problem - The pesticide and Third World 
poor' by David Bull [18]. Various articles published in newspapers 
from time to time also direct to the seriousness of the problem. 
The World Health Organisation (WHO) have estimated large 
number of deaths of people every year in the world specially in 
developing countries. According to one report : Every minute some 
one is poisoned by pesticides in the developing countries. This WHO 
statistics point to 500,000 people being poisoned every year. A 
pesticide-caused death occurs every one hour forty five minutes, 
resulting in a total deaths 5,000 a year. Consequently, there is a 
growing concern about the use of pesticides throughout the World. 
According to the International Development Research Centre 
(IDRC) [2], about 10,000 people die of pesticide poisoning every year 
in the Third World. A recent report of an Ottawa based research 
centre estimates that there are probably 7,50,000 cases of pesticide 
poisoning all over the World, resulting annually in about 14,000 
deaths. Of these roughly 3,75,000 cases occur in the Third World 
claiming about 10,000 lives every year. Quoting in one of the articles 
W.H.O. report in this context, the IDRC pointed out that more than 
4 
half of the pesticide poisoning cases and 72.8 percent of all deaths, 
occurring from sub-poisonings take place in the developing World. 
These, however, account for only 15 per cent of total consumption of 
pesticides. This is further supported by the recent tragedy at Bhopal 
(MR, India), where about 2,500 people have been reported to have 
died due to leakage of methyl isocyanide (MIC) gas, an intermediate 
product used in the manufacture of Sevin, from the Union Carbide 
Plant and several thousands have been seriously affected. All these 
facts point towards indiscriminate use and lack of awareness about the 
hazardous side effects of pesticides. Most of these pesticides have 
been reported carcinogenic in nature and their long term effects on 
health include cancers, congenital disorders, sterility and debility. 
Despite all these the use of pesticides to protect crops can not be 
abandoned but has to be restricted to their judicious use. 
Though damage to crops by various insects and disease causing 
agents varies from corp to crop in different part of the World. It is 
estimated that one third of the crops is lost due to these annually. On 
an average, farmers of the World lose between 40 to 50 percent of 
their crops before harvest. Therefore, the turn of the present century 
would see an enormous increase in food production, particularly in the 
developing countries to feed the increased population. The Food and 
Agricultural Organisation (FAO) of United Nations foresee that by the 
year 2000 A.D. there will be scarcity of food. Overall the food 
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supplies will have to be expanded by about 160 percent in countries 
located in Africa, 240 percent in Latin America and 200 percent in 
East Asia, merely to provide a minimum adequate diet for their 
people. This challange on the food front has to be met within the 
limited land resources with the view that the area under cultivation 
can only be marginally increased. Therefore, modern agro-technology 
in the form of better and high yielding varieties and plant protection 
would play a great role in this direction. This thus, brings into sharp 
focus the dire need for plant protection. Despite all the shortcoming, 
the use of pesticides is expected to increase immensely as the corps 
would need an effective plant protection umbrella in the times to 
come. 
1.1.1 Classes of Pesticides 
Generally the pesticides are classified into two broad categories 
viz.; 
(1) Inorganic Pesticides 
(2) Organic Pesticides 
1.1.1.1 Inorganic Pesticides 
Several inorganic compounds containing arsenic, lead, copper, 
antimony, boron, fluorine, mercury, manganese, selenium, sulphur, 
thallium and zinc are known as inorganic pesticides. Some of the well 
known inorganic pesticides are - (i) arsenic compounds such as paris 
6 
green [(CH., C00)2 Cu. 3Cu (As02)2] basic copper arsenate 
[Cu(CuO.HAs04)], lead arsenate [Pb3 (As04),], lead hydroxy arsenate 
[Pb4 (PbOH) (As04) H20], Calcium arsenate such as tricalcium 
arsenate [Ca3 (As04)2], basic calcium arsenate [Ca3 (As04)2.Ca (0H)2], 
Calcium hydrogen arsenate [CaHAs04], (ii) fluorine compounds such 
as calcium fluosilicate [CaSiF6. 2H20)], sodium fluosilicate [Na2SiF6], 
bariumfluosilicate [BaSiF6], magnesium fluosilicate [MgSiF6.6H20], 
(iii) mercury compounds such as mercuric chloride [HgCl2), mercurous 
chloride [HgCl], (iv) boron compounds such as borex [Na2B407], boric 
acid [H^BOJ. Arsenic as an inorganic pesticide is supposed to be an 
oldest pesticide being used to kill insects as early as in 70 A.D. by 
Pliny and inorganic pesticide known as arsenic sulphide was also used 
in China way back in 16th century. 
Since in the early 19th century, these compounds have been 
used as stomach poison for the control of insects or other pests. These 
poisons were administered along with food and they were equally 
potent against mammals including man and domestic animals. Thus the 
use of inorganic pesticides [6] to kill pests is not a new concept. 
These inorganic pesticides are known to cause wide variety of 
harmful effects both on animal and plants. Arsenical poisons and 
boron cause mutations in the reproductive parts of the plants causing 
semi-permanent sterility while copper ions react with enzymes having 
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reactive sulphydryl groups, which explains their toxicity to all forms 
of plant life. Many enzymes containing calcium, iron and magnesium 
are inhibited by fluoride ions. Accumulation of lead in the body 
causes coagulation of body protein, disrupting seriously the metabolic 
activities. It is also mutagenic when accumulated in the body tissues; 
mercury causes severe illness, blurred vision, headache and 
abnormalities not only in the persons exposed but also in the next 
generation to come. Zinc accumulation results in the disintegration of 
liver, kidneys and heart. Heavy concentrations of these inorganic 
pesticides in the soil result in various kinds of phytotoxicity in crop 
plants, reducing their productivity and often resulting in their death. 
1.1.1.2 Organic Pesticides 
The era of organic pesticides began in 1939 [32] when the first 
wonder pesticide dichlorodiphenyl trichloroethane (DDT) was 
discovered, although it was synthesized as early as 1874 by Zeidler. 
Its insecticidal properties were discovered by Mueller in 1939 for 
which he was awarded Nobel Prize. It was released under the trade 
names "Gesarod, Guesarol and Neocid" by Geigh, J.R. in 1942. This 
was soon followed by benzenehexachloride (BHC). Since then 
thousands of compounds have been synthesized and tested for their 
pesticidal properties. More than 1200 pesticides were registered by the 
United State Environmental Protection Agency (USEPA) [9]. Of these 
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275, were herbicides, 400 were insecticides. 200 were fungicides and 
nematicides, 100 were rodenticides and 275 were disinfectants, all 
being sold in one or other form of 30.000 or so products or 
formulations. 
Organic pesticides have been grouped as : 
— Organo-halogenated pesticides 
— Organo-phosphorus and sulphur containing pesticides 
— Organo-carbamate pesticides 
— Pyrethroids and 
— Miscellaneous pesticides 
1.1.1.2.1 Organo-Halogenated Pesticides 
Several organohalogenated pesticides such as aldrin, DDT, BHC, 
chlordane, lindane, heptachlor and toxaphen etc have been used for 
crop protection. They belong to the following sub-groups, (i) Diphenyl 
aliphatics having an aliphatic or straight carbon chain with two (di) 
phenyl rings attached e.g., DDT, DDD or TDE, chlorobenzilate, 
dicofol, perthane and methoxychlor, (ii) chlorinated benzene ring 
structure e.g., BHC and lindane, (iii) Cyclodienes having three 
dimensional structure with active stereoisomers e.g., aldrin, dieldrin, 
endrin, endosulphan, heptachlor, kepnene and mivex, (iv) 
Polychloroterpenes e.g., strobane and toxaphene. 
These pesticides are toxic to insects and other orthopods even at 
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a very low dose. The cost is low because of their high persistency. A 
few annual treatments are necessary to maintain pest at low levels. 
These compounds tend to accumulate in food chains due to fat 
solubilities. All the compounds of this group are poorly soluble in 
water but well soluble in organic solvents including fat. 
1.1.1.2.2 Organophosphorus and Sulphur Containing Pesticides 
Organohalogenated pesticides,due to their high persistency and 
toxic degradation products, have been replaced by organophosphorus 
and carbamate pesticides. The organophosphorus pesticides have two 
distinctive features. First, they are generally more toxic to vertebrates 
than are the organohalogenated pesticides, and secondly, they are 
chemically unstable or non persistent. These properties have made 
them more popular for orchards and kitchen gardens.They have been 
classified in the three sub-groups.(i) Aliphatics - having open chain 
molecules e.g., azodrin, bidrin, DDVP, dimecron, disulphoton, dylex, 
ekatin, malathion metasystox, phosdrin, rogor and TEPP, (ii) Aryls, 
having one or more phenyl rings in the molecules e.g., crufomate, 
gardona, folithion, parathion methyl and ronnel, and (iii) Heterocyclics 
- having oxygen, nitrogen or phosphorus included in the rings e.g., 
azinon, diazinon,dursaban and guthion. 
These pesticides have wide range of toxicity. They are known to 
inhibit the activity of the enzyme, acetyl-cholinesterase (ACHE) and 
often called Anticholinesterase in the insect. During the course of 
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their action they result in excessive sweating, headache, giddiness, 
blurred vision, muscular weakness. They also bring about destruction 
of myelin sheaths of sciatic and spinal nerves. High dosages lead to 
r.ipid paralysis and even death. 
1.1.1.2.3 Organocarbamate Pesticides 
Carbamates belong to a new and comparatively small group of 
pesticides of growing utility. They bridge the gap between the 
persistent organochlorine and the short lived but excessively toxic 
organophosphorus pesticides. This group includes highly effective 
systemic pesticides such as aldicarb, baygon, carbaryl, carbofuran, 
lannate and oxamyl.The mode of action of carbamate is similar to that 
of organophosphorus pesticides. 
1.1.2. Pyrethroids 
After the first synthesis of pyrethroid in 1973 many new 
photostable pyrethroids have been developed between 1973-1977. 
These compounds exhibit high activity against insects, but have low 
mammalian toxicity. They have greatly increased stability effectiveness 
at very low dosages, together with rapid action and degradation to 
innocuous residues.These compounds are more effective as contact 
poisons but stomach poisons to a lesser degree. The following 
compounds are registered and marketed in India. 
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(i) Permethrin 
(ii) Cypermethrin 
(iii) Decamethrin 
(iv) Fenvalerate 
1.1.3. Miscellaneous Pesticides 
Search and synthesis of new pesticides have always been in 
consideration and every time more and more pesticides are listed 
which do not fall in any of the above categories. To cite a few are 
formamidines, amitraz and chlorodimeform, thiocynates, lethane 384 
and thanite dinitrophenol, DNOC and dinocap, organotins, plictran, 
rotenones, triazines, amitrole, bavistin and simazine, 2,4-D and 
2,4,5-T. These compounds also have slow deleterious effect on health 
of crops, soil organisms and human beings. When these compounds 
are applied to soil or on standing crops, they are adsorbed and move 
to a certain depth in soil depending upon various soil properties and 
may pollute the sub-soil water besides being adsorbed by soil 
particles. 
1.1.4. Fate of Pesticides in Soil 
The pesticides are, by and large, applied on plant foliage or are 
incorporated on the soil surface in the from of emulsion, granules and 
suspensions. When they are applied to soil, they are subjected to the 
following fates : (i) The pesticides may vapourize into atmosphere 
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without chemical change, (ii) they are adsorbed by soil, (iii) they 
move downward through the soil in liquid or solution form and be lost 
from the soil by leaching, (iv) they undergo chemical reactions within 
or on the surface of the soil (v) they are broken down or degraded by 
soil microorganisms, 
1.1.5 Review of Literature 
1.1.5.1 Adsorption 
Adsorption is the attraction and replusion phenomenon at soil 
surface and exert the most profound influence on several processes 
operating to determine the fate and behaviour of pesticides in soil. It 
governs the relative availability of a pesticide, its volatilisation, 
physical distribution, breakdown, biological activity and even its 
susceptibility to microbial metabolism. The adsorption depends upon 
the nature and properties of the pesticide such as acidity (pKa), 
basicity (pKb), solubility, shape and configuration, charge distribution, 
polarity of molecule, molecular size and polarizability and its 
concentration in the solvent. The literature on this aspect has been 
reviewed by Bailey and White [33]. 
Several workers [33-83 ] have reported that the extent of 
adsorption of pesticides on soils depends upon the clay content, 
organic matter content,cation exchange capacity (CEC), pH, moisture, 
exchangeable cations, temperature and other environmental conditions. 
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Organic matter exerts the most profound influence on several 
processes operating to determine the fate of pesticide in soil. 
Stevenson [84] pointed out that information on the nature of organic 
matter-pesticide interactions may provide a more rational basis for 
their effective use, thereby reducing undesirable side effects due to 
carry-over and contamination of the environment. However, a proper 
understanding of the precise nature of these interactions is hindered 
due to the complexity of organic matter and the numerous other 
interactions in the soil environment all operating simultaneously. In 
recent years careful studies with simplified systems involving well-
defined organic matter components have lead to the elucidation of 
some of the mechanisms of interactions between the organic matter 
and adsorption. The merits of using organic matter components, such 
as humic acid (HA) and fulvic acid (FA), are that (i) they can be 
readily extracted from soil and organic matter is relatively in pure 
from (ii) they have been thoroughly characterized by various 
techniques and (iii) they are the major and common constituents of 
soil organic matter. 
A limitation that needs to be considered in organic matter 
pesticide interactions is that in most mineral soils, organic matter and 
clay minerals are intimately associated in the from of clay-organic 
matter complexes. Thus, organic matter may not function as a separate 
entity and its relative contribution in pesticide adsorption will depend 
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upon the extent to which the clay is coated with organic matter [84]. 
However, it should be realized that the association of organic matter 
with clay still provides an organic surface for adsorption [84]. 
The texture and structure of soils also play a very important 
role. The clay fraction of soil has been reviewed by Rich and Thomas 
[85]. The soils having two layer clay mineral i.e kaolinite, three layer 
clay minerals, montmorillonite, illite or hydrated aluminium and iron 
oxide surfaces of oxygen atoms or OH-groups are available for 
adsorption including hydrogen bonding. The clays are generally 
negatively charged and have exchangeable cations such as H\ Na++ 
and Ca++ on their exterior surfaces (two layer minerals) or their other 
exterior or interior surface (three layer minerals). Montmorillonite 
clays have higher surface area and cation exchange capacities followed 
by illite and kaolinite. All these clays adsorbed strongly organic 
cations [86-87]. Clay minerals probably do not adsorb anions by 
anion-exchange. The layer of OH-groups of kaolinite are not 
exchangeable and number of the layer of edge OH-groups for kaolinite 
and montmorillonite is small. Hydrated Al and Fe-oxide associated 
with clay are probably responsible for adsorption of anions by anion 
exchange. 
There are two type of adsorption i.e. physical adsorption, (Van 
der Waal's adsorption) and chemical adsorption. Physical adsorption is 
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due to orientation of dipole-dipole interactions, polarisation or induced 
dipole interactions in addition to born repulsion interactions. It is 
generally reversible adsorption and occurs with non-ionic pesticides 
which involves several layers and low binding strength. While 
chemical adsorption is due to the columbic forces and results from the 
bond formation between the adsorbent and adsorbate and occurs with 
cationic and anionic pesticides. It involves high binding strengths. 
Although several layers may be present, only the first layer is 
chemically bonded to surface. H-bonding is intermediate between 
physical and chemical adsorption. 
Hartley [88] reported that solution of organic chemicals in oily 
constituents of the soil organic matter also occurs. Negative, selective 
and preferential adsorption have also been observed [89-90]. 
Most of the existing data on adsorption of some pesticides on 
soils and other adsorbents deal with aqueous solutions [91-99]. 
However, in natural environment it is not always true. It is likely that 
pesticide adsorption on soils could occur in mixture of water and 
organic solvents because under waste disposal and land treatment sites 
probably the soil solution may consist of a mixture of water and 
various miscible solvents. Keeping this in view Rao et.al. [100] 
proposed the cosolvent theory and they described the adsorption of 
hydrophobic organic compound on soils. Recently, this theory has 
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been applied to the adsorption of several organic compounds having 
moderate and intermediate hydrophobicity [101-105] using methanol 
and acetone as cosolvents. 
1.1.5.2 Mechanism of Adsorption 
Several mechanisms have been proposed for adsorption of 
pesticides by soils such as Van der Waal's attraction, H-bonding, 
hydrophobic bonding, charge transfer, ion exchange and ligand 
exchange. 
1.1.5.2.1 Van Der Waal's Attractions 
Van der Waal's forces are involved in the adsorption of 
nonionic, nonpolar molecules or portions of molecules. Van der Waal's 
forces result from short range dipole-dipole interactions of several 
kinds. The additive nature of Van der Waal's forces between the atoms 
of adsorbate and adsorbent may result in considerable attraction for 
large molecules. The adsorption of carbaryl and parathion on soil 
organic matter in aqueous system is considered to be physical 
involving Van der Waal's bonds between the hydrophobic portions of 
the adsorbate molecules and the adsorbent surface [51]. Nearpass 
[106] suggested that the principal adsorption mechanism for picloram 
by humic materials was molecular adsorption due to Van der Waal's 
forces. Singh et al. [107] found that adsorption of dimethoate 
decreased with the rise of temperature indicating the involvement of 
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Van der Waal's forces during adsorption process. 
1.1.5.2.2. Hydrogen Bonding 
This is a special kind of dipole-dipole interaction in which the 
hydrogen atoms serve as a bridge between two electronegative atoms; 
one being held by covalent bond and the other by electrostatic forces. 
There is a parallel between hydrogen bonding and protonation [108]. 
Protonation may be considered as a full charge transfer from the base 
(electron donor) to the acid (electron acceptor). The hydrogen bonding 
interaction is a partial charge transfer interaction [109]. Erik et al. 
[34] suggested that H-bonding was considered the most feasible 
adsorption mechanisms of lindane. Hayes [110] stressed the 
participation of a hydrogen bonding mechanism in s-triazines and 
organic matter interactions. Borggard and Streibig [111] have 
suggested hydrogen bonding as a adsorption mechanism in atrazine 
adsorption by soils. 
1.1.5.2.3 Hydrophobic Bonding 
Nonpolar pesticides or compounds whose molecules often have 
nonpolar regions of significant size in proportion to polar regions are 
likely to adsorb onto the hydrophobic regions of the soil. Water 
molecules present in the system will not compete with nonpolar 
molecules for adsorption on hydrophobic surfaces. This type of 
bonding also may be largely responsible for the strong adsorption by 
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soil organic matter of many pesticides such as DDT and 
organochlorine pesticides. Lipids are also associated with soil humus 
[112]. Thus, association of nonpolar (chlorinated hydrocarbons) 
pesticides with the lipid fraction of soil organic matter and humus 
might be described by hydrophobic bonding [113]. This also explains 
the relative independence of pesticide adsorption on moisture in soils 
with high organic content [113]. The adsorption of pesticides involving 
this mechanism would be independent of pH [114]. Methylation of 
organic matter or humic substances to block hydrophilic - OH groups 
would increase the adsorption by this mechanism. Kozak et al. [115] 
also suggested that hydrophobic bonding as a possible explanation in 
prometryn and metolachlor adsorption. 
1.1.5.2.4 Charge Transfer 
Charge transfer interaction will take place only within short 
distances of separation between the interacting species. In the 
formation of charge transfer complexes, electro-static attraction takes 
place when electrons are transferred from an electron-rich donor to an 
electron deficient acceptor. The formation of charge transfer complexes 
has been postulated as the possible mechanism involved in the 
adsorption of s-triazines on the soil organic matter [110]. Burns et al. 
[116] postulated the invovlement of charge transfer mechanism in 
paraquat adsorption of HA. 
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1.1.5.2.5 Ion Exchange 
Ion exchange adsorption takes place for those pesticides which 
either exist as cations or which become positively charged through 
protonation. Adsorption of pesticides, such as paraquat and diaquat, 
via cation exchange functions through COOH and phenolic-OH groups 
is associated with the soil organic matter [117, 112]. Bansal [40] and 
Singh et al. [60] also suggested this type of mechanism in the 
adsorption of oxamyl and dimecron by some soils. The cationic 
adsorption mechanism is also responsible for the adsorption on organic 
matter of less basic pesticides, such as S-triazines [118]. 
1.1.5.2.6 Ligand Exchange 
Adsorption by this mechanism involves replacement of one or 
more ligands by the adsorbent molecule [119-120]. The necessary 
condition is that the adsorbent molecule be a stronger chelating agent 
than that of the replaced ligands [121]. This type of mechanism may 
be involved for the binding of S-triazines on the residual transition 
metals of HA [122]. In ligand exchange partially chelated transition 
metals may serve as possible sites for adsorption [110]. Coordination 
through an attached metal ion ligand exchanged was considered to be 
the main process in the adsorption of linuron by peat samples 
saturated with different cations [123]. 
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1.1.5.3 Adsoprtion Isotherms 
The relation between the amount of pesticides adsorbed per unit 
weight of the adsorbent and the pesticide concentration in the solution 
at equilibrium is called an adsorption isotherm. 
Adsorption of pesticides on soils was evaluated by adsorption 
isotherms which represent the relation between the amount of pesticide 
adsorbed per unit weight of the soil and pesticide concentration in the 
solution at equilibrium. According to the nature of slope of the initial 
portion of the curves, Giles et al. [124] reported the relation between 
solute adsorption mechanisms on solid surfaces and the types of 
adsorption isotherms. They developed four main classes of adsorption 
isotherm i.e. S-curves, L-curves, C-curves and H-curves. 
1.1.5.3.1 S-Type Curves 
S-type isotherm generally occurs when the solid has a high 
affinity affecting for the solvent. The initial direction of the curvature 
shows that adsorption becomes easier as concentration increases. This 
type of isotherm usually appears when the solute molecule is 
monofunctional; has moderate intermolecular attraction, and meets 
strong competition for substrate sites, from molecules of the solvent or 
other adsorbed species. 
1.1.5.3.2 L-Type Curves 
The L-type curves, the normal or "Langmuir" isotherms, are 
the best known and represent a relatively high affinity between the 
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solid and solute in the initial stages of the isotherm. As more sites in 
the substrate are filled, it becomes increasingly difficult for solute 
molecules to find a vacant site available. 
1.1.5.3.3 C-Type Curves 
C-type curves are given by solutes which penetrate in to the 
solid more readily than does the solvent. These curves are 
characterized by the constant partition of solute between solution and 
substrate, right up to the maximum possible adsorption, where an 
abrupt change to horizontal plateau occurs. 
1.1.5.3.4 H-Type Curves 
H-type curves are quite uncommon and occur only when there 
is very high affinity between solute and solid. This is a special case 
of L-type curves, in which the solute has such high affinity that in 
dilute solutions it is completely adsorbed, or at least there is no 
measurable amount remaining in solution. The initial part of the 
isotherm is therefore vertical. 
1.1.5.4 Adsorption Models 
Generally, two mathematical equations such as Freundlich and 
Langmuir equations have been used for quantitative description of 
pesticide adsorption on soils [125-127]. 
1.1.5.4.1 Freundlich Adsorption Equation 
The Freundlich equation can be expressed as : 
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— = KCeln (1) 
m 
Where K and 1/n are emperical adsorption constants and x/m and ce 
are the adsorbed (ug pesticide g'1 soil) and solution phase (ug 
pesticide ml"1) concentrations, respectively. The adsorption coefficient 
K, has unit of figlnmlng"1, while 1/n is dimensionless. Values of 
adsorption constants K and 1/n were estimated by linear regression of 
log-transformed data. The equation (1) is expressed in logarithmic 
from, a linear relationship is obtained. 
log x/m = log K + 1/n log Ce (2) 
Generally, in the reasonable pesticide concentration range, the 
relationship between log x/m and log Ce is linear, with 1/n being 
constant. In comparing adsorptivity of various pesticides by soils, the 
K value may be considered to be useful index for classifying the 
degree of adsorption because the use of K values has considerably 
increased as a result of the requirement by regulatory agencies for 
quantitation of relative pesticide adsorption in soil water system (EPA, 
1978). For soil - pesticide interaction, soil carbon based adsorption 
constant Koc was also calculated by dividing the adsorption contant K 
value by organic carbon content present in the soil [100, 128]. Koc is 
used to help characterize the mechanism of adsorption of pesticide to 
organic components to the soil. The lower Koc values shows that 
chemicals will be less adsorbed to soil particles. 
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In general, the values of K for the adsorption of pesticides on 
soil decreases with increase in the temperature and increase in value 
of 1/n takes place at higher temperature [42, 129-130]. 
1.1.5.4.2 Langmuir Adsorption Equation 
Langmuir adsorption equation was initially derived from the 
adsorption of gases by solids using the following assumptions : (i) the 
energy of adsorption is constant and independent of surface charge., 
(ii) adsorption is on localized sites and there is no interaction between 
adsorbate molecules., and (iii) the maximum adsorption possible is 
that of a complete monolayer. 
The Langmuir adsorption equation may be expressed in terms of 
concentration in the form : 
x K, K, C 
— = '
 2 e
 (3) 
m 1+K, C v 
1 e 
Where Kj is a constant for system dependent on temperature and K., is 
the monolayer capacity. The term x/m and Ce have been defined in 
Freundlich equation. 
The reciprocal of equation (3) gives. 
1 1 1 
— = — + (4) 
x/m K, K,K,C 
2 1 2 e 
A plot of l/(x/m) Vs. 1/Ce, should give a straight line with an 
intercept 1/K2 and a slope of 1/(KJK2) when the Langmuir equation 
holds. The adsorption of pesticides on soils and clays was found to 
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conform to an isotherm type which was similar to Langmuir model for 
adsorption [131-132]. 
Under certain conditions both the Freundlich and Langmuir 
equations may reduce to linear relationship. In the case of Freundlich 
equation, if the exponent 1/n is 1, the adsorption will be linearly 
proportional to the solution concentration. In practice it has been 
found that adsorption of the pesticides on soil do fit the Freundlich 
equation with an exponent close to unity. In the Langmuir equation 
the denominator, l+KjCe, becomes indistinguishable from 1 at low 
concentration. In this situation, the amount adsorbed becomes directly 
proportional to the concentration in the solution. 
1.1.5.6 Movement of Pesticides in Soils 
The movement of pesticide in soil affected their ability to 
effectively control the targeted pests and determine whether or not the 
use of these chemicals may lead to an environmental impact. Due to 
this reason Soil Scientists and Environmental Scientists both have 
equal interest in characterizing the fate and movement of pesticides in 
soils. Over the last several years, the interest in this kind of research 
has been focused on ground water contamination due to the use of 
pesticides in crop production. Spadling et al. [133]; Cohen el al. 
[134] have reported that pesticides such as fumigants have been 
detected in ground water. Due to this reason fumigant pesticides such 
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as DBCP and EDB have been banned by Environmental Protection 
Agency (EPA) and the use of non-fumigant pesticides such as aldicarb, 
c-irbofuran, oxamyl, phorate and fenamiphos etc has increased. Prior 
to 1979, there was a belief that ground water was protected from 
pesticide contamination by chemical degradation process in and on the 
soil by imprevious layer of sub-soil, rock and clay. Recently, Peoples 
et al. [135]; Rothschild et al [136]; and Weaver et al [137]; have 
reported in monitoring studies that certain pesticides are found in 
ground water. 
Several workers [35, 41, 45, 49, 60, 138-180] have studied the 
movement of organohalogenated, organophosphorus and carbamate 
group containing pesticides in soils. The organophosphorus and 
carbamate group containing pesticides being more soluble in water 
than organohalogenated pesticides, their role in polluting soil 
environment can not be underestimated. Reynolds and Metcalf [181] 
while studying the movement of several phosphorus and carbamate 
group containing pesticides found that it was related to their water 
solubility. 
The extent of movement of pesticides in soil depends upon the 
nature and properties of pesticide itself i.e. solubility of the pesticide 
in water, formulation, rate of pesticide application or degradation and 
on certain soil properties such as texture, structure, porosity, organic 
26 
matter content, clay content, moisture content, pH and C.E.C. [145, 
159, 182-184]. 
Soil Texture and Structure 
Soil texture and structure affects the movement of pesticides 
because fine textured soil contains higher amount of moisture 
rendering a faster dilution of toxicants. The movement of pesticide 
was less in fine textured soil than coarse textured soil because 
equilibrium of pesticide between water and the interior soil aggregates 
becomes slower with increasing aggregate size and relatively small 
zone of pest control. It was also observed that an increase relationship 
exist between clay content and movement of pesticides. The sand 
particles being more permeable than clay particles allow an easy and 
deeper movement. 
Porosity 
Porosity is the function of pore size distribution determined by 
soil texture, structure and particle shape. Pesticides are transported to 
a greater degree through more porous soil when other things are 
equal. 
Water Flux 
Water flux affect the movement of pesticide in soil because it is 
the amount of water that flows through the soil. In practice this is 
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often less than the rainfall because evaporation from the soil surface, 
uptake by the crop diminish downward movement in consequence 
chemical can move both downward and upwards in soils in response 
to water movement in wetting and drying cycles. However, in 
laboratory conditions water flux through the soil column can be 
accurately controlled. Leaching of pesticides due to addition of water 
has been extensively studied by Davis et a/. [185], Friesen [186], and 
Bayer [187]. Some of the pesticides are more mobile at higher rates 
of percolation [188]. 
Water Solubility 
Water solubility of a pesticide is an important phenomenon to 
affect the pesticide movement in soil. Increased solubility to pesticides 
has decreased adsorption [189-190] and therefore, increased mobility. 
An inverse relationship has also been observed between solubility and 
adsorption [191-193]. Organophosphorus and carbamate pesticides are 
more soluble in water than chlorinated hydrocarbon compounds. This 
would indicate that they are much more susceptible to leaching than 
the chlorinated compounds. Weber [194] reported that the amount of 
acidic herbicides adsorbs on a muck soil was inversely related to the 
water solubility of the chemical. On the other hand , Hance [195] and 
Weber [196] observed no relationship between solubility and 
adsorption of certain pesticides. 
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Formulation 
The formulation in which a pesticide is applied influence the 
mobility. An increase in mobility of simazine has been observed by 
adding ammonium sulphate [197] and that of diuron by adding 
surfactants [187]. Solution formulations of some nonvolatile fungicides 
were more mobile them suspensions [198]. 
Rate of Pesticide Application 
The rate at which the pesticides are to be applied may affect 
the movement of pesticides. Several workers [199-202] have studied 
the effect of rate of pesticide application on mobility of certain 
triazines herbicides and they have reported that higher application 
rates of herbicides increase their mobilities. 
Generally, the movement of pesticides has been estimated by 
using soil columns [63, 72, 203-208] and soil thin layer 
chromatographic techniques [141-143, 149-151, 209-214]. Data 
pertaining to soil column and field leaching studies were used to 
evaluate a simple piston displacement model [215]. The model 
accurately predicted the position of the wetting fronts, but under 
predicted pesticide leaching. 
1.1.5.6.1 Soil Column Techniuqe 
Recently, Singh et al. [208], Kumari el ah [63, 72] and Bilkart 
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and Rao [215] have studied the movement of certain pesticides in soil 
columns and estimated the distribution coefficient Kd values. From the 
adsorption data, values of adsorption coefficient K, soil carbon based 
adsorption constant Koc and Kd values obtained from batch techniques 
were correlated with the Kd values of soil columns. Distribution 
coefficient of pesticide in soil columns was calculated from the 
leaching experiments by using relation initially described by Ketelle 
and Boyd [216] and used by Swoboda and Thomas [217] and Singh et 
al. [208] as : 
Vp Vv 
K d = ( - - 1) - (5) 
Vv W 
Where V stands for the volume of effluent needed to elute one half 
p 
of the pesticide through soil column, W is the weight of the soil in 
column and V is the void volume in the column. The amount of 
V 
rainfall (R) required to leach pesticide up to depth 'L' was estimated 
by using the relation 
HpL 
R = (6) 
de 
Where H is the height of the water used to displace pesticide to a 
depth 'd' in the laboratory column and p and 9 are the bulk densities 
of the soil in column and field, respectively. However, the method for 
calculating the values are derived independent to each other and 
therefore are necessarily an adequate measure of the same volume 
since the Kd values are extremely dependent upon concentration of 
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solution passing through a column is continually changing so equation 
(5) can be rearranged as : 
KdW = (Vp - Vv) (7) 
since bulk density, p, of the soil is its weight divided by the volume 
it occupies, V then 
Kdp = (Vp /V) - (Vv /V) ....(8) 
or 
Vp/V = Kdp + Vv /V ....(9) 
where V /V is the number of column volumes of leachates required to 
displace half of the pesticide and Vv /V is the porosity of the soils. 
The term V /V is equivalent to the linear ratio R/L, where R is the 
amount of rainfall required to leach pesticide to a depth *L' then 
R = L (Kdp + Vv /V) ...(10) 
Singh et al. [208] and Kumari et al. [63, 72] have studied the 
movement of oxamyl, Carbofuran and phosphamidon in soils by 
leaching the columns containing different types of soil with distilled 
water. 
1.1.5.6.2 Soil TLC Technique 
Soil thin-layer chromatography was introduced by Helling and 
Turner [141] and Helling [142-144] as a technique useful for rapid, 
31 
reproducible and inexpensive assessment of pesticide mobility, with 
autoradiography of radioactive pesticides. Helling et al. [146, 218] 
have also reported a bioassay technique for the detection of pesticide 
mobility in soil. Singh et al. [150-151, 210, 219] and Sharma et al. 
[211-214] however, used this technique for determining the movement 
of certain pesticides, aminoacides and phenols in soils with simple 
chemical detectors and the movement was expressed in terms of 
frontal Rp Rr RB and Revalues. 
The work on the aspects covering the factors affecting the 
adsorption and mobility of pesticides in soils currently used for 
agricultural purposes is still megre. More studies are required to get 
the complete picture of this phenomenon on different types of soils. 
Keeping this in view, the present work was planned to study the effect 
of different factors such as texture of the soil, exchangeable ions, 
organic matter, autoclaving, surfactants and temperature on the 
adsorption of carbofuran and endosulphan on sandy loam and loam 
soils and the effect of cosolvents (acetone and methanol) on the 
adsorption and movement of carbofuran and endosulphan in soils. 
These studies will help in providing the information with regard to 
judicious and efficaceous use of carbofuran and endosulphan in soils 
and also for assessing near source of these pesticides movement/ 
transport in soils in the event of spill or discharge of organic wastes 
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containing water soluble solvents. The scheme of the chapters is as 
follows : 
1. Influence of different factors on the adsorption of carbofuran 
(2, 3-dihydro-2, 2-dimethyl-7-benzofuranyl-N-methyl carbamate) 
on soils. 
2. Influence of cosolvent (methanol) on the adsorption and 
movement of carbofuran (2, 3-dihydro-2, 2-dimethyl-7-
benzofuranyl-N-methyl carbamate) in soils. 
3. Influence of acetone and methanol (cosolvents) on the 
adsorption and movement of endosulphan (Hexachloro 
hexahydro methan-2, 4, 3-benzodiaxathiopin-3-oxide) in soils. 
4. Influence of different factors on the adsorption of endosulphan 
(Hexachloro hexahydro methan-2, 4, 3-benzodiaxathipin-3-oxide) 
on soils. 
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Chapter - II 
Influence of Different Factors on the Adsorption of 
Carbofuran (2,3-Dihydro-2,2-Dimethyl-7-Benzofuranyl-
N-Methyl Carbamate) on Soils 
2.1 INTRODUCTION 
The use of pesticides is well known in modern agriculture due 
to introduction of high yielding varieties of crops and its extensive 
use for crop production measures. Adsorption is one of the most 
significant process affecting its bioactivity, mobility, persistence, 
toxicity and efficacy in soil environment [1,2] and literature on this 
aspect has been reviewed by Bailey and White [3]. Carbamate 
pesticides are used increasingly in agriculture as a replacement of 
more environmentally persistent organochlorines and organophosphorus 
containing pesticides. Carbofuran is a systemic non-ionic broad 
spectrum carbamate insecticide/nematicide and used on a large scale 
for control of nematodes in soils. Its structure can be represented as 
follows : 
O—C—NHCHj 
II 
O 
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Recently, its adsorption on soils, fly ash, antimony (V) silicate 
and Sn (iv) arsenosilicate cation exchanger was studied by Singh et al. 
[4]; Felsot and Wilson [5]; Kumari et al. [6]; Varshney et al. [7] and 
Khan and Singh [8]. But literature pertaining to adsorption of 
carbofuran on different type of Indian soils is very scanty. Hence, this 
investigation was taken up to study the effect of exchangeable cations 
(FT and Na"), autoclaving, organic matter, cationic and anionic 
surfactants and temperature on carbofuran adsorption on two different 
type of soils and to relate the Freundlich constants and distribution 
coefficients to various soil properties. The purpose of this study was 
to understand the basic chemistry of carbofuran in soils and to 
evaluate thermodynamic parameters for the interaction of carbofuran 
with soils. 
2.2 EXPERIMENTAL 
2.2.1 Reagents 
Hydrogen peroxide (30%) - LR gTade, BDH India Ltd. 
Hydrochloric acid - LR grade, Glaxo India Ltd. 
Sodium oxalate - 8.0 g of sodium oxalate (LR 
grade. BDH India Ltd.) was 
dissolved in one litre of 
distilled water. 
Potassium chloride - LR grade, BDH India Ltd. 
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Sodium hydroxide 
Phenolphthalein solution (1%) 
Potassium dichromate solution (IN) 
Sulphuric acid 
Phosphoric acid 
Diphenylamine indicator solution 
Ferrous ammonium sulphate solution (0.5N) 
LR grade BDH India Ltd. 
Phenolphthalein (1.0 g) was 
dissolved in 100 ml 95% 
alcohol. 
49.0 g of K2Cr207 (LR grade, 
BDH India Ltd.) was 
dissolved in distilled water 
and made upto one litre. 
AR grade, S.D. Fine. Chem. 
Pvt. Ltd. 
LR grade, B.D.H. India Ltd. 
0.5g of diphenylamine 
(Technical, BDH Chemicals 
Ltd. Pool England) was 
dissolved in a mixture of 100 
ml of sulphuric acid and 20 
ml of distilled water and 
stored in a coloured bottle. 
196 g of ferrous ammonium 
sulphate (AR grade, BDH 
India Ltd.) was dissolved in 
distilled water. Add 7.5 ml of 
sulphuric acid and diluted to 
one litre. 
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Phosphorus pentaoxide 
Ethylene glycol Pure 
Carbofuran 3G 
Methanol 
Sulphanilic acid Solution (0.2%) 
- B.D.H. India Ltd. 
- B.D.H. India Ltd. 
- Pesticide India, Udaipur 
(Rajasthan). 
- G.R. grade, E. Merck India 
Ltd. 
- 0.5g of sulphanilic acid (GR 
grade, E. Merck India Ltd.) 
was dissolved in IN HC1 
solution and made up to 250 
ml. 
- 0.75 g of sodium nitrite (GR 
grade, Glaxo India Ltd.) was 
dissolved in distilled water 
and made up to 250 ml. 
A stock solution of carbofuran (3G) of concentration (1000 ug 
ml1) was prepared by dissolving 0.1 g of active ingredients in 100 ml 
of methanol. A 50 ml of this solution was diluted to 250 ml in 
methanol giving a 200 jxg ml"1 carbofuran concentration. 
Sodium nitrite solution (0.3%) 
2.2.2 Apparatus 
Electrical Balance Varanasi Balance Works, Varanasi 
(India) 
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Conductivity meter 303 - Systronics India Ltd. 
Constant temperature bath - Tempo India Ltd. 
Electric Oven - Tempo India Ltd. 
Electric stirrer - Remi, India Ltd. 
Elico pH meter model LI-10 - Elico Pvt. India Ltd. 
Sieves - British Standard sieves. 
Stop watch - Racer Swiss made. 
Centrifuge - Remi India Ltd. 
Spectrophotometer - Spectronic 20-Bausch and Lomb 
(U.S.A.) 
2.2.3 Collection of Soil Samples 
According to an axiom; analysis can be no better than the 
sample. This is all the more true in the collection of soil samples. The 
general problem of soil sampling has been summarized by the 
Association of Agricultural Chemists [9] as follows. 
"In the view of the variability of soils, it seems impossible to 
devise an entirely satisfactory method for sampling. It is obvious that 
the details of the procedure should be determined by the purpose for 
which the sample is taken". 
During the collection of soil samples here-under described, the 
importance of taking representative composite samples was kept in 
mind and variations in colour, texture, slope and cropping patterns 
67 
were all adequately considered. The grasses and other organic matter 
was removed from the surface. The soil samples used for these studies 
were collected from cultivated fields at 0-30 cm depth from (i) sandy 
loam soil from district Pilibhit (U.P.) and (ii) loam soil from Jhansi 
district (U.P.). Both the soils were ground in a hammer mill fitted 
with a 100 mesh sieve to obtain samples with a small and nearly 
homogeneous particle size. The physico-chemical properties of the 
soils such as mechanical composition (sand, silt and clay), pH, EC, 
cation exchange capacity (CEC), percentage of organic carbon, organic 
matter, calcium carbonate and surface area were determined by the 
standard methods. 
2.2.4. Determination of the Physico-Chemical Properties of 
the Soils 
2.2.4.1 Mechanical Composition of Soil 
The mechanical analysis of soil was carried out by International 
Pipette Method [10]. A 10 gm soil was weighed and placed in an 
evaporating dish. Ten ml of hydrogen peroxide mixture was added and 
warmed up to 60°C and stirred till no further evolution of gases 
occurred. The excess of H202 was decomposed by boiling for few 
minutes. After cooling 10 ml or more of 0.2 M HC1 was added till 
the solution become acidic. It was filtered and washed with warm 
distilled water till the washings showed no indication of acidic nature. 
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The precipitate was transferred to an evaporating dish, 10 ml of 
distilled water and 50 ml of sodium oxalate solution (8 g"1) were 
added. The mixture was warmed and shaken by a high speed strirrer 
for 15 minutes, 150 ml of distilled water was then added and the 
suspension washed through 200 B.S. sieve using not more than 150 ml 
of distilled water. The suspension which passed through the sieve was 
transferred to a graduated boiling tube or 500 ml measuring cylinder 
and volume was made up to 500 ml with distilled water. The residue 
on the sieve was dried and weighed. The dry sand was again passed 
through 25, 72 and 200 mesh sieves and each fraction retained on the 
sieves was weighed in watch glass giving the coarse (W ), medium 
(Wms) and fine (Wfs) sands. 
The 500 ml suspension was immersed in a constant temperature 
water bath at 25 + 2°C for one hour. The tube was taken out shaken 
up and down vigorously and replaced in the bath and simultaneously 
start the stop watch. It was kept on after a sedimentation time of 4 
minutes and 8 seconds, and a 10 ml suspension was taken out from 
the depth of 10 cm by means of sampling pipette. It was transferred it 
into a weighing petri dish, dried it in an oven and weighed. This 
procedure was repeated after 46 minutes and 6 hours 54 minutes after 
commencement of sedimentation. The boiling tube was shaken a fresh 
in both the case. In each of the above case the weight of the solid 
material in 500 ml of the suspension was determined. The method of 
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sampling is important, the pipette should be lowered into the 
suspension at a slow rate in order to avoid disturbance (+ 20 sec). 
The percentages of silt and clay were then calculated from the weights 
of the residues. The results are given in Table 1. 
2.2.4.2. pH Determination 
The pH was recorded with Elico pH meter model LI-10 with 
glass and saturated calomel electrodes assembly. A soil-water (1:2.5) 
ratio suspension was used for measuring the pH of the soils. The 
results obtained are recorded in Table 1. 
2.2.4.3 Electrical Conductivity (EC) 
The electrical conductivity was measured at 30 + 1°C with the 
help of conductivity meter 303. A soil-water (1:2.5) ratio suspension 
was used for measuring the electrical conductivity of soils. The results 
obtained are recorded in Table 1. 
2.2.4.4 Cation Exchange Capacity (CEC) 
The cation exchange capacity of the soils was determined by 
titration method of Ganguli [11]. In this method a 10 g sample of the 
air dried soil was treated with 0.2N HC1 till acidic, shaken for half an 
hour and then filtered through Buchner funnel till the filtrate was free 
from chloride ions. The residue was transferred from the Buchner 
funnel to a beaker and a suspension of known concentration was 
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prepared. It was then treated with the same volume of a saturated 
potassium chloride solution, shaken for half an hour and left 
overnight. The exchanged acidity was titrated with standard 0.1N 
NaOH solution using phenolphthalein as an indicator. From the 
amount of NaOH required, the CEC of the soil was calculated. The 
results obtained are recorded in Table 1. 
2.2.4.5 Organic Carbon and Organic Matter 
For determining the percentage of organic matter and organic 
carbon rapid titration method of Walkley and Black [12] was used. In 
this method 2 g of air dried, crushed and sieved soil was digested in a 
500 ml conical flask by adding 10 ml of IN potassium dichromate 
solution and 20 ml of concentrated sulphuric acid. Mixture was shaken 
well for about 2 minutes and allowed to stand on an asbestos sheet 
for about 30 minutes. This was followed by adding 200 ml of distilled 
water, 10 ml of phosphoric acid and 1 ml of diphenylamine indicator 
solution. A deep violet colour appeared. It was titrated with 0.5 N 
ferrous ammonium sulphate till the violet colour changed to purple 
and finally to green. A blank titration was run simultaneously without 
having soil in the solution. The percentage of organic carbon was 
calculated by using the relation, 
(x-y) x 0.003 x 100 
Percentage of organic carbon in soil (Z) = 
2 x W 
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where x was the volume of 0.5N ferrous ammonium sulphate required 
for reducing 10 ml K2Cr207 solution (blank reading), y the volume of 
0.5 N ferrous ammonium sulphate required for reducing the excess of 
K2Cr207 (experimental reading), W, the weight of soil taken for 
analysis and 1 ml of IN K2Cr207 = 0.003g carbon. 
Finally, assuming that organic matter contains 58% carbon, the 
percentage of organic matter was calculated by multiplying the 
Walkely and Black value with 100/58 or 1.724. 
Percentage of organic matter in soil = Z x 100/58 or Z x 1.724. 
The results obtained are recorded in Table 1. 
2.2.4.6 Calcium Carbonate Content 
The calcium carbonate content of the soil was determined by 
taking 10 g of each of the sample on a Buchner funnel. The sample 
was washed with distilled water till free from chloride ions. It was 
then transferred to a conical flask, treated with 50 ml of IN HC1 
shaken and boiled on a steam bath till the reaction was over. It was 
then cooled to room temperature and back titrated with IN NaOH 
using phenolphthalein as an indicator. The end point was recorded 
when the pink colour persisted for 15 seconds on shaking the 
solutions. The results are recorded in Table 1. 
2.2.4.7 Surface Area Determination of Soils 
Surface area of soils was determined by the method proposed by 
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Hendricks and Dyal [13]. In which one gram sample of soil was taken 
in aluminium moisture boxes of known weights. The samples were 
spread evenly over the bottom of boxes. The boxes with lid removed 
were placed in a vacuum desiccator over 250 gms of P2Os. The 
desiccator was evacuated with a vacuum pump. The stopcock was 
closed and the samples were dried to a constant weight which took 
nearly 6 hours. The samples were then wetted with ethylene glycol 
added from a pipette dropwise. Wetting was facilitated by slight 
warming. The samples were then placed in a vacuum desiccator and 
allowed to stand at room temperature. Vacuum was applied 
continuously from time to time. Weights of the samples were recorded 
after every sixteen hours and drying under vacuum renewed till two 
successive weighings agreed up to tenth of a milligram* 
Surface area was calculated from the equation, 
W 
g 
A = 
W x 0.00031 
s 
where A was the surface area in m2g~'. Weight = Wt (gms) of glycol 
retained by the samples, Ws=Wt(gms) of samples on P,05 dried basis, 
and 0.00031 the Dyal and Hendricks value for the grams of glycol 
required to form a monolayer on one meter2 of surface area. Results 
are recorded in Table 1. 
2.2.5 Preparation of Na-Soil 
The natural soil was broken up in a mortar using a rubber 
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TABLE -1 
COMPOSITION AND PHYSICO-CHEMICAL PROPERTIES OF SOILS 
Properties 
1. Mechanical Composition 
Sand (%) 
Silt (%) 
Clay (%) 
2. Texture 
3. pH 
4. EC(dsm-1) 
5. Organic matter (%) 
6. Organic carbon (%) 
7. CaC03(%) 
8. CEC (cmol (P+) Kg-1) 
9. Surface area (m2 g_1) 
Sandy loam 
54.37 
32.13 
13.50 
Sandy loam 
9.0 
3.14 X10"4 
0.3500 
0.203 
0.45 
4.7 
34.8 
Loam soil 
45.85 
38.15 
16.0 
Loam 
7.5 
3.92 xlO"4 
0.5948 
0.345 
0.35 
8.5 
100.4 
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covered pestle. The organic matter was oxidized with 30% hydrogen 
peroxide and the mixture was diluted with distilled water. The soil 
was dispersed by electrical stirring and then treated with sodium 
chloride (IN) and dilute hydrochloric acid till the concentration of 
supernatant liquid was 2N with respect to sodium chloride and 0.1N 
with respect to hydrochloric acid. The mixture was shaken for about 1 
hr, after which the supernatant acid salt solution was removed from 
the soil suspension by decantation. Then the soil suspension was 
filtered through a Buchner funnel and washed with distilled water till 
the filtrate become free from chloride ions. The soil was transferred 
from the funnel and used for adsorption studies. 
2.2.6 Preparation of H-Soil 
Hydrogen soil with minimal aluminium was freshly prepared 
vide Aldrich and Buchanan's method [14] by passing the Na-soil 
through a column of H-Dowex 50Xg cation exchange resin at a speed 
of 3 ml min"1 till the pH and conductance of the elute became 
constant. 
2.2.7 Autoclaving of the Soils 
Autoclaving of soils was done by Koskinen and Cheng method 
[15]. Soil samples were sterilized by autoclaving at 110°C and 103 
kPa for one hour on three consecutive days. 
2.2.8 Organic Matter Removed Soil 
The organic matter from the soil was removed by H202 
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treatment according to the method recommended by Black method 
[16]. In this method natural soil was treated with 30% H,02 to remove 
organic matter. The organic matter removed soil was then pass a 60 
mesh sieve, dried and stored in a vacuum desiccator in P20?. 
These soils were used as adsorbent for studying the effect of 
exchangeable ions (FT and Na+), organic matter and autoclaving on 
carbofuran adsorption. 
2.2.9 Preparation of Standard Curve of Carbofuran 
For preparation of standard curve (Fig. 1) of carbofuran 
Mithyantha and Perur [17] method was used in which varying volumes 
(1 to 10 ml) of 10 ug ml"1 carbofuran solution were pipetted into a 
number of 50 ml volumetric flasks. 5 ml of 0.2% sulphanilic acid and 
5ml of 0.3% sodium nitrite solutions were added to the flasks and 
kept for 30 minutes. After than 10 ml of sodium hydroxide (4N) 
solution was quickly added and made up the volume up to mark with 
distilled water and kept again for one hour and record the absorbance 
against blank at 490 nm wavelength with the help of Bausch and 
Lomb spectronic '20'. 
2.2.10 Adsorption Procedure 
Adsorption of carbofuran on different soils was done by batch 
shake testing method [4,18] in which varying volumes of carbofuran 
solution (200 jig ml1) were pipetted into 50 ml glass stoppered conical 
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Concentration of Carbof uron in ppm 
FIG. 1 STANDARD CURVE FOR CARBOFURAN 
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flask. The suspension of each flask was made upto 15 ml by adding 
distilled water. The ratio of methanol and distilled water, however, 
varied in different dilutions by 1:14, 2:13, 3:12, 4:11, 5:10, 6:9, 7:8, 
8:7, 9:6 and 10:5, respectively. To these solutions lg of soil was 
added and suspensions were then shaken for three hours in an 
incubator at 25 ± 1°C and left standing overnight and later centifuged 
at 10,000 rpm for ten minutes using a Beckman Model L3-50 Ultra 
centrifuge. The amount of carbofuran present in supernatant was 
determined spectrophotometrically [17] at 419 nm and the amount 
absorbed was calculated from the difference between the amount 
added and the amount left in equilibrium suspension. All experiments 
were performed at a constant temperature of 25°C and the treatments 
were replicated twice. 
For studying the effect of temperature, suspensions prepared as 
above procedure were shaken at 50 ± 1°C using 1 g natural soil as 
adsorbent. 
For studying the effects of cationic (cetyl trimethyl ammonium 
bromide) and anionic (sodium dodecyl sulphate) surfactants on 
carbofuran adsorption on both the natural soils were studied by using 
the same procedure with addition of 5 ml of 1% surfactant solution in 
each flask before making a 15 ml volume with distilled water. 
~^( The s t a t i ca l average of distribution coefficients (Kd) values 
jL f Ace. NJ'i ) A 
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for both the soils for all treatments/effects were calculated by using 
the equations; 
X ( x/m.Ce) 
K d _ _ I ( c / (15) 
where x/m is the amount of solute adsorbed in ng g*1 soil, Ce is the 
amount of solute in equilibrium suspension (p.g ml"1) and I indicates 
the summation of values. 
2.3 EVALUATION OF THERMODYNAMIC PARAMETERS 
The thermodynamic parameters were calculated from the 
variation of the thermodynamic equilibrium constant (K0) with changes 
in temperature. K0 for the adsorption reaction was calculated by the 
method of Biggar and Cheung [19]. 
K0 = - = 
ae YeCe (16) 
where, as is the activity of adsorbed solute, ae the activity of the 
solute in the equilibrium solution, Cs is the surface concentration of 
carbofuran in m.moles g"1 of soil and Ce (m.moles ml*1) is the 
concentration of carbofuran in equilibrium suspension, ys is the 
activity coefficient of the adsorbed solute and ye is the activity 
coefficient of solute in equilibrium suspension. 
The value of Cs was calculated using the equation proposed by 
Fu et ah [20]. 
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( p/M ). A 
C s =
 ^ ~ 
N. (x/m) (17) 
Where p is the density of the solvent (g ml1), M the molecular 
weight of the solvent, A the cross-sectional area (cm2 molecule1) of 
the solvent molecule, N is Avogadro's number (6.023 x 1023 molecules 
mole"1). S the surface area of the adsorbent (m2 g"1) and x/m is the 
specific adsorption (ng g"1). 
The cross-sectional area (A) of the solvent molecules was 
estimated by using the following equation of Kodera and Onishi [21]. 
[ M x 1024 1 
N.p J (18) 
where M and p were, respectively, the molecular weight (g mole"1) 
and the density (g ml"1) of the solvent and N was Avogadro's number. 
As the concentration of the solute in ftft solution approached 
near zero, the activity coefficient, y, approached unity. Equation (16) 
may then be written as; 
lim Cs as 
Cs > 0 - = - = K0 
Ce 3e (19) 
The values of K0 were obtained by plotting In Cs/Ce Vs. Cs and 
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extrapolating to zero Cs. The standard free energy changes (A G°) for 
the interaction were calculated from the following relationship [22]. 
AG0 = - RT In K0 (20) 
Where R was the universal gas constant, T the absolute temperature in 
degree Kelvin. 
The standard enthalpy changes (AH0) were calculated from the 
Van't Hoff isochore. 
r jvn i
 = -^_ r I _ I ] In 
K
 T R T T 0T1
 (21) 
The standard entropy changes (AS0) were calculated from the equation. 
AG0 = AH0 - TAS° (22) 
2.4 RESULTS AND DISCUSSION 
It is evident from Table 1 that electrical conductance (EC), 
percentages of organic matter, organic carbon, clay, CaC03 contents, 
cation exchange capacity (CEC) and surface area of loam soil were 
higher than the sandy loam soil while that of pH has the reverse 
order. 
Adsorption isotherms were plotted between amount of 
carbofuran adsorbed (fig g"1 soil) and the amount of carbofuran in 
equilibrium suspension (|ag ml1) are given in Figs. 2-3, Tables 2-17. It 
is clear from these isotherms that carbofuran adsorption was higher 
in loam soil than sandy loam soil. The higher adsorption of 
carbofuran on loam soil could be due to the greater amount of organic 
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matter content, clay content, CaC03 content, higher surface area and 
CEC in loam soil than sandy loam soil. Carbofuran exhibited the 
maximum affinity for FT-saturated soils and minimum affinity at 50°C 
and adsorption follows the order as H~ - soil > Na" - soil > natural 
soil at 25°C > autoclaved soil > organic matter removed soil > 
cationic surfactant > anionic surfactant > natural soil at 50°C for both 
the soils. 
The isotherms (Figs. 2 and 3) for both the soils for all the 
treatments/effects are similar 'S' shaped as described by Giles et al. 
[23]. The 'S' shaped adsorption isotherms suggest that the adsorption 
of carbofuran was easier, possibly due to the marked localization of 
the forces of attraction over carbonyl group (> C = O) of carbofuran 
leading to an interaction with soil sites. 
The mechanism of carbofuran interaction of H - and Na'-soils 
takes place could be due to the protonation or co-ordination as 
follows : 
H-SoU • 
Ma-Sod 
9^ CH3 CH3 
0 C— NHCH3 
II 
0 
O C —NHCH3 
0 
- > 
(^ 
-> 
CH3 
CH3 
•C -NHCH3 
II 
0 - . . - H 
Soil" 
Soil" 
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On comparing the adsorption of carbofuran on H+-soils with Na+-
soils, the higher adsorption was obtained in H-soils than Na+-soils 
(Figs. 2-3, Curves A and B, Tables 8-11). The weak adsorption on 
Na"-soils in contrast to strong adsorption on H-soils further confirms 
the above interaction. A smaller number of exchange sites appears to 
be occupied in sodium system than in hydrogen system. The variation 
in pH during adsorption of carbofuran further indicated that in general 
as the adsorption increases as pH decreases. Dregne [24], Singhal and 
Singh [25], Supak et al. [26], Singh et al. [27] and Sharma et al. [28] 
also observed higher adsorption and lower movement of 2,4-D, 
dimecron, aldicarb and oxamyl on H+-saturated soils. 
The lower adsorption of carbofuran on autoclaved soils (Figs. 2-
3, Curves C and D, Tables 6-7) than natural soils at 25°C could be 
attributed to alteration of soil organic matter and its adsorption site on 
autoclaving. Similar results were reported by Fletcher and Kaufman 
[29] and Kumari et al. [30] while studying the effect of autoclaving 
on adsorption of 3-chloroaniline and movement of amino acids in 
soils. 
The adsorption affinity of carbofuran on organic matter removed 
soils showed a considerable decrease (Figs. 2-3, Curves C and G, 
Tables 4-5) in both the soils when compared with adsorption of 
carbofuran on natural soils at 25°C. The decrease in adsorption mainly 
due to the decrease in adsorptive capacity of the soils by oxidation of 
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organic matter. This indicates that organic matter adsorptive surfaces 
has greater capacity to retain the added carbofuran because organic 
matter itself acts as an adsorbent. 
To determine the adsorptive capacity of carbofuran for organic 
matter (Kom) and clay content (Kc) of the soils, the values of 
distribution coefficients (Kd value) were divided with organic matter 
and clay content present in soil [31] and values are tabulated in Table 
18. 
On examination of Kom and Kc values (Table 18), sandy loam 
soil had higher Kom value than loam soil because sandy loam soil 
contains less amount of organic matter. Hamaker and Thompson [32] 
proposed this tendency is due to the fact that mineral phase (clay 
content) may be responsible for making a significant contribution to 
the total adsorption. In the present study carbofuran adsorption was 
slightly better correlated with clay conent of the soil than organic 
matter content because K values are less than K values. The results 
c om 
are in accordance with the work of Wahid and Sethunathan [33] who 
demonstrated that beyond organic matter two percent in soils, the 
adsorption of parathion takes place almost entirely on organic 
surfaces, but at organic matter content level below two percent the 
adsorption was significant only on clay surfaces or inorganic surfaces. 
The results on the effect of cationic (cetyltrimethyl ammonium 
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bromide) and anionic (sodium dodecyl sulphate) surfactants on 
carbofuran adsorption on soils are shown in (Figs. 2-3, Curves E and 
H, Tables 14-17). The adsorption of carbofuran was higher in 
presence of cationic surfactant than anionic surfactant, but in both the 
cases the adsorption was less compared with natural soil at 25°C. The 
results are in agreement with the work of Hower [34], Huggenberger 
et al. [35] and Sharma et al. [28] who studied the effect of surfactants 
on the adsorption and mobility of pesticides in soils. 
On comparing the effect of temperature on adsorption of 
carbofuran on soils (Figs. 2-3, Curves C and F, Tables 2-3 and 12-13), 
it is clear that isotherms show that adsorption of carbofuran decreases 
with rise in temperature as expected from the exothermic nature of the 
adsorption process. The lower adsorption of carbofuran at 50°C is 
partly due to weakening of attractive forces between carbofuran and 
soil sites and partly due to enhancement of thermal energies of 
adsorbate, thus making the attractive forces between carbofuran and 
soil sites sufficient to retain carbofuran. However, the nature of the 
reaction remains unaffected in both the soils. 
The adsorption behaviour of carbofuran in all the studies for 
both the soils were fitted to Freundlich equation. 
x/m = KC 1/n 
e 
(23) 
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where x/m is the quantity of carbofuran adsorbed in jig g"1 of the 
adsorbent, C is the equilibrium concentration of the adsorbate in 
solution (fxg ml"1) and K and 1/n are two emperical adsorption 
constants determined from the intercept and slope, respectively of the 
straight line (Figs. 4-5, curves A to H). The K has the dimension ng'"n 
ml" g'1 and measures adsorption capacity of the various soils at 
equilibrium concentration, 1/n provides an idea on identity of 
adsorption, and is dimensionless. The values of K and 1/n are 
presented in Table 18. Since the Freundlich constant K is measure of 
the strength of adsorption, the above order of adsorption was in 
conformity with K values. The maximum K values was obtained for 
H~-soils while that of minimum at 50° C for both the soils. The 
statistical average of Kd values (Table 18) were also confirms the 
above order of adsorption. 
The values of thermodynamic parameters obtained from the 
above equations (17-22) are summarized in Table 19. The higher 
values of K0 at 25°C again confirm that both the soils had lower 
preference at higher temperature. The negative values of standard free 
energy changes (AG0) indicate that the reactions are spontaneous with 
high affinity for carbofuran and suggested a high persistence and 
resistence to degradation of carbofuran in contact with soils. Negative 
values of standard enthalpies (AH0) indicated that carbofuran and soil 
interactions are exothermic and products are energetically stable with 
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FIG 4 FREUNDLICH ISOTHERMS FOR ADSORPTION OF CARBOFURAN ON DIFFERENT FORMS OF 
LOAM SOIL 
FIG 5 FREUNDUCH ISOTHERMS FOR ADSORPTION OF CARBOFURAN ON OIFFERENT FORMS OF 
SANDY LOAM SOIL 
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high binding of carbofuran to soil sites. The positive values of 
standard entropy changes (AS0) recorded in present investigation 
indicate the stability of soil carbofuran complex in the system. A 
single large molecule of carbofuran may replace a number of water 
molecule thus, there is a large gain in entropy due to freedom in the 
restriction of the water molecule. 
109 
REFERENCES 
1. Lundie, P.R. (1971). Adsorption of organophosphorus compounds by 
soils and soil colloids. Ph.D. Thesis, University of Birmingham. 
2. Weed, S.B. and Weber, J.B. (1974). In pesticides in soil and water, 
(WD. Guerazi Ed.) Soil Sci. Soc. Amer. Madison. WI, pp. 39. 
3. Bailey, G.W. and White, J.L. (1970). Factors influencing the 
adsorption, desorption and movement of pesticides in soil. Residue 
Rev. 32 : 29-92. 
4. Singh, R.P., Kumari, K. and Saxena, S.K. (1987). Adsorption 
thermodynamics of carbofuran on acid and base saturated soils. 
Ecotoxicol Environ. Saf. 13 : 253-260. 
5. Felsot, A. and Wilson, J. (1980). Adsorption of carbofuran and 
movement on soil thin layers. Bull. Environ. Contam. Toxicol. 24 : 
778-782. 
6. Kumari, K., Singh R.P. and Saxena, S.K. (1988). Adsorption 
thermodynamics of carbofuran on fly ash. Colloids and Surfaces. 33 
: 55-61. 
7. Varshney, KG., Singh R.P. and Rani, S. (1986). Adsorption 
thermodynamcis of Carbofuran on antimony (V) silicate cation 
exchanger. Ecotoxicol Environ. Saf. 11 : 179-183. 
110 
8. Khan, A.A. and Singh, R.P. (1987). Adsorption thermodynamics of 
carbofuran on Sn (IV) arsenosilicate in H , Na and Ca2" forms. 
Colloids and Surfaces. 24 : 33-42. 
9. "Official and Tentative Methods of Analysis", 6th Ed., Association 
of Official Agricultural Chemists, Inc., Washington, D.C., USA, 
1945. 
10. Piper, C.S. (1950). "Soil and Plant Analysis", University of 
Adelaide, Australia. 
11. Ganguli, A.K. (1951). Base-exchange capacity of silica and silicate 
minerals. J. Phys. Coll. Chem. 55 : 1417-1428. 
12. Walkley, A. and Black, C.A. (1947). A critica examination of a 
rapid method for determining organic carbon in soils. Soil Sci. 63 : 
251-54. 
13. Hendricks, S.B. and Dyal, R.S. (1950). Surface measurement for 
ethylene glycol retention of clays and its application to potassium 
fixation. Tram. 4th Inter. Congr. Soil Sci. 2 : 71-2. 
14. Aldrich, D.G. and Buchanan, J.R. (1958). Anomalities in techniques 
for preparation of H-bentonites. Soil Sci. Soc. Amer. Proc. 22 : 
285-288. 
15. Koskinen, W.C. and Cheng, H.H. (1982). Elimination of aerotic 
degradation during characterization of pesticide adsorption desorption 
in soil. Soil Sci. Soc. Amer. J. 46 : 256. 
I l l 
16. Black, C.A. (1965). Methods of Soil Analysis, American Society of 
Agronomy, Monograph, a. 
17. Mithyantha, M.S. and Perur, N.S. (1974). A new colorimetric 
method for the estimation of carbofuran in pesticides formulations. 
Curr. Sci. 431 : 578-583. 
18. Kumari, K., Singh, R.P. and Saxena, S.K. (1988). Movement of 
Carbofuran (nematicide) in soil columns. Ecotoxicol. Environ. Safety. 
16 : 36-45. 
19. Biggar, J.W. and Cheung, M.W. (1973). Adsorption of picloram (4-
amino-3,5,6-trichloropicolinic acid) on panoche. Ephrata and palous 
soils. A thermodynamic approach to the adsorption mechanism. Soil 
Sci. Soc. Amer. Proc. 37 : 863-868. 
20. Fu, Y, Hansen, R.S. and Bartell, F.E. (1948). Thermodynamics of 
adsorption from solutions. The mobility and activity coefficients of 
adsorbed layers. J. Phys. Chem. 52 : 374-86. 
21. Kodera, K. and Onishi, Y. (1959). The molecular cross-sectional 
areas for the determination of specific surface area of solids : 1 
Carbon black. Chem. Soc. Japan Bull. 32 : 356-61. 
22. Glasstone, S. (1960). Text book of physical chemistry. 2nd ed., pp. 
815-883, Van Nostrand. New York. 
23. Giles, C.H., MacEwan, T.H., Nakhwa, S.N. and Smith, D. (1960). 
112 
Studies in adsorption. Part XI. A system of classification of 
solution adsorption isotherms and its use in diagnosis of adsorption 
mechanism and in measurement of specific surface areas of solids. 
J. Chem. Soc. 3973-3993. 
24. Dregne, H.E., Gomez, S. and Harris, W. (1969). Movement of 2,4-
D in soils in soils. West Regional Research Project W-82. 
Comprehensive Prof. Rep. Coop. States Research Services, U.S. 
Deptt. Agr. (New Mexico State Univ.), 35. 
25. Singhal, J.P. and Singh, N. (1978). Adsorption and interaction of 
dimecron with montmorillonites. Soil Sci. 125 : 301-305. 
26. Supak, R.J., Swoboda, A.R. and Dixon, J.B. (1978). Adsorption of 
aldicarb by clays and soil organo-clay complexes. Soil. Sci. Soc. 
Amer. J. 42 : 244-247. 
27. Singh, R.P., Khan, M.A., Saxena, S.K. and Khan, A.M. (1981). 
Adsorption and movement of oxamyl in soils. Agrokem. Talajtan. 
30 : 381-386. 
28. Sharma, S.R., Singh, R.P., Saxena, S.K. and Ahmed. S.R. (1985b). 
Effect of different saline, alkaline salts, fertilizers and surfactants on 
the movement of some carbomyl group containing pesticides in 
soils. Anal. Lett. 18 : 2322-2343. 
29. Fletcher, C.L. and Kaufman, D.D. (1980). Effect of sterilization 
113 
methods on 3-chloroaniline behaviour in soil. J. Agric. Food 
Chem. 28 : 667-671. 
30. Kumari, K., Singh, R.P. and Saxena, S.K. (1987). Effect of different 
factors on the movement of some amino acids in soils using thin-
layer chromatography. J. Liq. Chromatogr. 10 : 1299-1325. 
31. Gerstl, Z. (1984). Adsorption, decomposition and movement of 
oxamyl in soils. Pestic. Sci. 15 : 9-17. 
32. Hamaker, J.W. and Thompson, J.M. (1972). Adsorption : In Organic 
Chemicals in the Soil Environment (Edited by C.A.I. Goring and 
J.W. Hamaker), Vol. 1, Marcel Dekker, NY, pp. 49-143. 
33. Wahid, P.A. and Sethunathan, N. (1978). Sorption-desorption of 
parathion in soil. J. Agric. Food Chem. 26 : 101-105. 
34. Hower, W.F. (1970). Adsorption of surfactants on montmorillonite. 
Clays and Clay Miner. 18 : 97-105. 
35. Huggenberger, F., Letey, J. and Farmer, W.J. (1973). Effect of two 
non-ionic surfactants on adsorption and mobility of selected 
pesticides in a soil system. Soil Sci. Soc. Amer. Proc. 37 : 215-
219. 
Chapter - 3 
Influence of Cosolvent (Methanol) on the 
Adsorption and Movement of Carbofuran 
(2,3-Dihydro-2, 2-Dimethyl-7-Benzofuranyl-N-
Methyl Carbamate) in Soils 
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Chapter - / / / 
Influence of Cosolvent (Methanol) on the Adsorption 
and Movement of Carbofuran (2,3-Dihydro-2,2-
Dimethyl-7-Benzofuranyl-N-MethyI Carbamate) in 
Soils. 
3.1 INTRODUCTION 
Soil colloids are known to react with pesticides, affecting their 
stability and biological activity in soils as well as environmental 
pollution. It has been reported by several researchers [1-7] that 
chlorinated hydrocarbons, organophosphates and carbamate pesticides 
are found in surface and ground water samples as pollutants. This has 
contributed to the need for experimental studies of pesticide adsorption 
and movement in soils, so as to overcome the problems arising from 
the presence of pesticides in surface and ground water. 
Carbofuran is the second largest selling carbamate in the world. 
It is a broad-spectrum, long residual acaricide, insecticide/nematicide 
which is widely used in the Indian subcontinent for the control of 
nematodes in soils. It is effective as contact and stomach poison and 
has systemic action [8]. Most of the existing data of carbofuran 
adsorption on soils, fly ash, antimony (v) silicate and Sn(IV) arseno-
silicate, cation exchangers deals with aqueous solutions [9-16] 
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However, under waste disposal and land treatment sites, it is likely 
that the solution will consist of a mixture of water and various 
miscible organic solvents. This is what happens under waste disposal 
sites where residues of pesticides and cosolvents may be encountered. 
The presence of solvents may increase or decrease the adsorption and 
movement of pesticides in soils [17-21]. But information on this type 
of study is not available in literature with regard to adsorption and 
movement of carbafuran in soils. Keeping this in mind, an interest has 
developed in the study of the adsorption and movement of carbofuran 
from aqueous-organic mixed solvent. In the present study methanol 
was used as cosolvent because it is completely soluble in water, a 
proton donor [22] and expected to be found in most waste streams 
from industrial wastes. The main objectives of this investigation were 
to examine the effects of a miscible organic solvent (methanol) on the 
adsorption and movement of carbofuran in soils and to verify the 
cosolvent theory from the partition coefficient Kd values. These studies 
will help in understanding the behaviour of carbofuran in the presence 
of methanol and may prove useful in accessing near-source carbofuran 
movement-transport in soil in the event of a spillage or discharge of 
organic wastes containing water-soluble solvents. 
3.2 COSOLVENT THEORY 
The cosolvent theory was proposed by Rao et.al. [17] to 
describe the adsorption of hydrophobic organic compounds to soils. 
The theory has been applied to the adsorption of several organic 
compounds having moderate and intermediate hydrophobicity by 
Nkedi-Kizza et.al. [18], Walters and Gulseppl-Elle [19]; and Fu and 
Luthy [23-24]. This theory is expressed by the equation; 
log [Km/Kwj] = - aos (1) 
where fc is the volume fraction of cosolvents and K and K are the 
J> mi wi 
mole-based partition coefficients (mol g1) for water-cosolvents 
(methanol and acetone) mixtures and cosolvent free water, 
respectively. The term as reflects the solute-liquid interactions and 
represented by the slope of the log-linear relationship between mole 
fraction solubility and fs and a is related to solute-soil and solvent-
soil interactions via liquid and organic carbon phase activity 
coefficients [17, 23-24]. 
Statistical average of the volume based adsorption partition 
coefficients Kd (ml g'1) was determined by the equation (15) as 
described in Chapter II. 
The mole-based equilibrium adsorption partition coefficient (K ) 
values were determined by the equation; 
Where V. is the molar volume of the liquid phase (ml mol"1). 
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This theory is important for two reasons : 
1. The theory enables prediction of adsorption of organic solute 
from a specified mixture of water and miscible organic solvents. 
This has implication for understanding the fate and transport of 
organic contaminants in real world, complex wastes streams 
such as industrial waste and land fill leachates. 
2. The theory can be utilized to estimate the partition coefficient 
for adsorption from aqueous solution by plotting a graph 
between Kdj versus fs extrapolating to fs=0. 
This theory is particularly important because it is very difficult 
to determine the adsorption partition coefficient of highly hydrophobic 
compounds from water. 
3.3 EXPERIMENTAL 
3.3.1 Reagents 
All chemicals and reagents used were same as described in 
Chapter II. 
A stock solution of carbofuran (3G) of the concentration (1000 
Hg ml1) was prepared by dissolving 0.1 g active ingredient in 100 ml 
of methanol. A 100 ml of this solution was diluted to 250 ml in 
methanol giving a 400 jig ml"1 carbofuran concentration. 
3.3.2 Apparatus 
All apparatus used were the same as described in Chapter II. 
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3.3.3 Collection of Soil Samples 
The surface soil samples (0-30 cms) loam and sandy loam soils 
were collected from Jhansi and Pilibhit districts of U.P., India, 
respectively. The soils were dried, crushed and sieved and their 
physico-chemical properties were determined by standard techniques 
and the values obtained are summarised in Table 1 of Chapter II. 
3.3.4 Preparation of Standard Curve of Carbofuran 
Standard curve of carbofuran was prepared by the method 
proposed by Mithyantha and Perur [25] as described in Chapter II. 
3.3.5 Adsorption Procedure 
For adsorption studies four fs values (0.25, 0.50, 0.75, 1.00) 
were utilized by taking ten concentrations of carbofuran (200, 400, 
600, 800, 1000, 1200, 1400, 1600, 1800, 2000 ng) solutions in 
different flasks. The experiments were conducted in duplicate and each 
isotherm determination consisted of twenty one flasks for each of the 
ten carbofuran doses and one blank flask containing soil and no 
carbofuran. The total volume of each flask was made 20 ml by adding 
requisite volume of methanol and water to get the desired fs values. 
To these solutions lg of each soil was added and the suspensions 
shaken for three hours in an incubator at 20 ± 1°C and left standing 
overnight. The suspensions were then centrifuged at 10000 rpm for ten 
minutes using a Beckman Model L3-50 Ultracentrifuge, the 
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supernatant being collected and estimated spectrophotometrically [25] 
at 490 nm andthe amount adsorbed was calculated. All experiments 
were performed at a constant temperature of 20°C. 
3.3.6 Soil TLC Technique 
Soil TLC technique was used to examine the effect of solvent 
properties on the movement of carbofuran. Soil TLC plates of 0.5 mm 
thickness were prepared by spreading soil-water slurry having 2:1 soil-
water ratio on 20x20 cm clean glass plates with the help of the TLC 
spreader [26-27]. After drying the plates, two lines at 3 cm and 13 
cm above the base were scribed on the TLC plates and carbofuran 
was spotted with the help of the lambda pipette. The plates were then 
developed in solvents of different fs (0.0, 0.25, 0.50, 0.75 and 1.00) 
upto the upper line by ascending chromatography. A 2 cm wide strip 
of paper towel moistended with different eluents was wrapped around 
the bottom of the plates to prevent disintegration of the soil layer 
when it came in contact with different eluents. The movement of 
carbofuran was detected by spraying the developed air dried plates 
with 5% methanolic KOH followed by 0.1% methanolic P-
nitrobenzene diazonium tetrafluoroborate solution. Violet coloured 
spots indicated carbofuran. The movement of carbofuran was 
expressed in terms of frontal Rp Rr RB and RM values [28] by the 
equations : 
Distance moved by spot 
Frontal Rf= (3) 
Distance moved by developer 
1 , R T + R L x 
Rf= - ( - — - ) (4) 
10 v 2 
Where Rj. and RL are the tailing and lateral fronts, respectively. 
Distance moved by bottom of spot 
RB = (5) 
Distance moved by developer 
and RM = log (1/Rf - 1) (6) 
3.4 RESULTS AND DISCUSSION 
Adsorption isotherms (Figs 6-7, Tables 20-27) have been 
constructed between the amount of carbofuran adsorbed (jig g"1 soil) 
and the amount of carbofuran in suspension at equilibrium in fig ml"1. 
These isotherms show that the adsorption of carbofuran was higher on 
loam soil than sandy loam soil at all the fs values studied. The higher 
adsorption of carbofuran on loam soil may be due to the greater 
amount of organic matter content, clay content, CaCO, content and 
higher surface area, CEC and lower pH in loam soil than sandy loam 
soil. These isotherms also show that adsorption of carbofuran 
decreased with increasing fs values. The lower adsorption of 
carbofuran at higher fs values was brought about by the increased 
solubility of carbofuran due to the presence of methanol in the 
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aqueous phase [23, 24]. All isotherms are S-shaped [29] indicating an 
enhanced adsorption of carbofuran at higher concentration. The S-
shaped isotherms also suggest that the adsorption of carbofuran was 
readily achieved, possibly due to marked localization of attractive 
forces to the carbonyl group (> C = 0) of carbofuran leading to 
interaction with sites on the surface of the soils. 
All the isotherms were in close agreement with Freundlich 
equation. 
x/m = K Ce1/n (7) 
where x/m is the amount of carbofuran adsorbed (ng g"1), Ce is the 
solution concentration of carbofuran at equilibrium (ng ml"1) and K 
and 1/n are two emperical adsorption constants. In all the cases the 
coefficients of determination (r2) values were greater than 0.93. The 
values of K and 1/n for carbofuran-soil combinations were estimated 
by linear regression of log transformed data (Figs. 8-9) and values are 
tabulated in Table 28. K is a measure of strength of adsorption, while 
1/n indicates the degree of linearity between solution equalibirum 
concentration and adsorption. On comparing the values of K for soils, 
it is clear that the higher values of K for loam soil than sandy loam 
soil confirm the above order of adsorption. The higher values of K at 
lower fs also confirm that adsorption decreases with increase in fs 
values. The results are in accordance with the theoretical approach 
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FIG. 8 FREUNDUCH ISOTHERMS FOR ADSORPTION 
OF CARBOFURAN ON LOAM SOIL 
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FIG. 9 FREUNDLICH ISOTHERMS FOR ADSORPTION OF 
CARBOFURAN ON SANDY LOAM SOIL 
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proposed by Rao et dl. [17]. Table 28 indicates that the value of 
adsorption intensity (1/n), which reflects the degree of nonlinearity of 
the adsorption, were greater than unity indicating S-type isotherms 
(Figs. 6-7) as described by Giles et al. [29]. It indicates that new sites 
become available to the solvent for sites as the adsorption occurs, and 
there is competition of solvent for soils on the adsorbing surface. 
Similar results were also reported by Moreal and Van Bladel [30]. The 
S-shaped isotherms also suggest that adsorption of carbofuran was 
easier probably due to marked localization of forces of attraction over 
the carbonyl group (> C = 0) of the carbofuran leading to interaction 
with soil sites. 
The lower adsorption at higher fs values can also be explained 
as methanol is a compound having two different moieties: one is 
hydrocarbonaceous (hydrophobic), the other is polar. Carbofuran may 
interact with methanol by H-bonding between alcoholic group (OH) 
and the electron donating carbonyl (> C = 0) group of carbofuran. This 
mechanism of interaction could explain the reduction of adsorption of 
carbofuran from methanol-water mixtures. 
The results of the effect of cosolvent (methanol) on the 
movement of carbofuran in soils at different volume fractions of (0.0, 
0.25, 0.50, 0.75 and 1.00) of methanol water mixtures are summarised 
in Table 29 and expressed in terms of frontal Rp Rp RB and R and 
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values. Increasing the concentration of methanol in the mobile phase, 
resulted the higher values of frontal Rp R(, RB and decrease in RM 
values which showed increase in the movement of carbofuran in both 
the soil (Table 29). As the volume fraction of methanol increases in 
the mobile phase, continually became better solvent for carbofuran and 
hence a strong solute-solvent interaction occurred resulting decreasing 
adsorption of carbofuran. The soil TLC experiments here illustrated 
the role of carbofuran-methanol interaction indicating the degree of 
adsorption of carbofuran. The results are in accordance with the work 
of Hassett et al. [31] who used soil TLC and studied the influence of 
increasing ethanol content on the movement of a-naphthol in aqueous 
systems. They reported that as the percentage of ethanol increases the 
movement increases which indicated the decrease in adsorption of the 
organic compounds. Similar results were reported by Helling [32], 
Helling and Turner [26] and Singh and Raj Kumar [33] while studing 
the role of solute-solvent interaction in hydrophobic adsorption 
illustrated by soil TLC technique. The theoretical approach proposed 
by Rao et al. [17] and Singh [34-35] also show that an increase in 
organic cosolvent fraction resulted exponential decrease in adsorption 
coefficients due to increase hydrophobic organic compounds solubility. 
The movement of carbofuran increases with increase in volume 
fraction (fs) of methanol. The Rf values (Table 29) obtained are 
inversely proportional to the K and Kd values (Table 28). 
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TABLE • 29 
EFFECT OF DIFFERENT VOLUME FRACTIONS OF COSOLVENT 
(METHANOL) ON THE MOVEMENT OF CARBOFURAN IN SOILS 
Properties 
Volume fraction of methanol (f.) 
0.0 0.25 0.50 0.75 1.00 
Frontal R, 
Rc 
Ft 
Frontal R, 
R„ 
R. 
0.85 
0.43 
0.00 
0.12 
0.70 
0.35 
0.00 
0.27 
0.92 
0.60 
0.28 
-0.09 
0.85 
0.55 
0.25 
-0.09 
Sandy loam soil 
0.95 
0.73 
0.56 
-0.50 
Loam soil 
0.90 
0.64 
0.38 
-0.21 
1.00 
0.76 
0.45 
-0.43 
0.95 
0.71 
0.47 
-0.39 
1.00 
0.82 
0.64 
-0.66 
0.95 
0.80 
0.60 
-0.60 
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The affinity of carbofurn towards organic matter and clay 
content of the soils was evaluated by calculating Kom and Kc values 
[36] and values so obtained are tabulated in Table 28. Sandy loam soil 
had higher K than loam soil at all fc values which is the common 
case of low organic matter. Hamaker and Thompson [37] proposed this 
tendency due to the fact that mineral phases may be responsible for 
making a significant contribution to the adsorption. In the present 
study carbofuran adsorption was better correlated with the clay content 
of the soils than the organic matter content. The results are in 
accordance with the work of Wahid and Sethunathan [38]. 
Verification of the Cosolvent Theory with Respect to Kd 
Selected properties of water/methanol mixtures, such as the 
volume fraction of methanol (fs), the mass fraction of methanol (f ) 
and the mole-fraction of methanol (f ,), were evaluated by using the 
following equations. 
fs = Vm/(Vm + Vy) (8) 
f
m = n
+
 ( v p j (HW1 (9) 
L r n + (Pw+MB/pnMw) d - y / g - 1 (io> 
where, V . Vu are the volumes, P , P the densities and M , M the 
molecular weights of methanol (m) and water (w) respectively. Liquid 
densities, P . (g ml1), are based on f and data for 20°C were taken 
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from Table 3-III Perry and Chilton [39]. The molar volume, (V, ml 
mol"1), was evaluated from the equation. 
V
= (1/Pmix) [(Mm fmol + Mw (l-fmol)] (11) 
The values are summarised in Table 30. 
Adsorption isotherm data (K., K , K and log K. ) used to 
* Q 111 TIlOC Il lOt-
evaluate the cosolvent theory are summarized in Table 31. The Km 
values were determined by dividing the Kd values by the liquid phase 
molar volume (V, ml mol"1). The Km values were normalized on the 
organic carbon fraction (foc) of the respective soils to give the Kmoc 
values. Linear regression of the combined log Kmoc data for the soils 
at 20°C yields. 
log K = - 1.28 f, + 3.3 (12) 
° moc S v ' 
On plotting log Kmoc verses fs (Fig. 10), the values of log Kmoc 
being well described by a single straight line over the entire range 
studied. These data show that the cosolvent theory is applicable to the 
adsorption of carbofuran as has been observed for the adsorption of 
other solutes on soils from water-methanol mixtures [18, 23-24]. The 
data for all the soils studied fitted a single line when normalised on 
f>, as would be expected according to the cosolvent theory. 
Extrapolated Estimate of Aqueous Phase Partition Coefficient Kdw 
The intercept value of 3.3 in equation (12) is equal to the 
140 
TABLE-30 
SELECTED PROPERTIES OF 
METHANOL-WATER MIXTURES 
Properties 
Volume fraction of methanol ( y 
Mass fraction of methanol (f ) 
Mole fraction of methanol (fmo)) 
Liquid density Pmjx (g ml1) 
Molar volume, V(ml mol1) 
Volume fraction of methanol (fs) 
1.00 
1.00 
1.00 
1.00 
0.792 
40.40 
0.75 
0.75 
0.704 
0.572 
0.872 
29.80 
0.50 
0.50 
0.442 
0.309 
0.927 
24.10 
0.25 
0.25 
0.209 
0.130 
0.965 
20.50 
0.00 
0.00 
0.00 
0.00 
0.998 
18.00 
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logarithm of the aqueous phase partition coefficient Kdw (mol g"1) for 
carbofuran. This value can be correspondingly converted to 
conventional dimensionless units by adding log V for water (log V = 
1.26) to it. The value of the aqueous phase partition coefficient for 
the adsorption of carbofuran on to soils was thus determined as 4.56. 
The slope -1.28 listed in equation (12) corresponds to the term 
- ct(7s of equation (1). The slope of figure JO depicts the combined 
effects of both a and CTS. The CTS term represents the effect of 
methanol on the solubility of carbofuran. The values of CTS corresponds 
to the slope of the log-linear relationship between the mole fraction 
solubility and volume fraction of methanol (fs) which was calculated 
as proposed by Fu and Luthy [23-24] using the solubilities of 
carbofuran in methanol-free water and in methanol of 7.0 x 105 |ig l*1 
and 1.187 x 108 ug I"1, respectively. The value comes out to be 2.8. 
The apparent value of a (= 0.46) was evaluated by dividing a a s by 
a s . 
The low values of a suggests that methanol-soil interaction may 
have been responsible for the more effective adsorption at high fs 
values. The presence of methanol may expand the organic matrix of 
the soil resulting in an increase in accessibility of carbofuran to the 
soil organic matter. The manner in which this phenomenon impacts on 
the adsorption of carbofuran on to soils in the presence of methanol 
as a cosolvent is an issue for further study. 
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Chapter - 4 
Influence of Acetone and Methanol (Cosolvents) 
on the Adsorption and Movement of 
endosulphan (Hexachloro Hexahydro 
methan-2,4,3-Benzodiaxathiopin-3-Oxide) 
in Soils 
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Chapter - IV 
Influence of Acetone and Methanol (Cosolvents) on the 
Adsorption and Movement of Endosulphan (Hexachloro 
Hexahydro Methan-2, 4, 3-Benzodiaxathiopin-3-Oxide) 
in Soils. 
4.1 INTRODUCTION 
Increased use of pesticides has led greater emphasis on serious 
environmental contamination. Environmental protection has thus 
become a major issue in agriculture during the last several years. The 
frequent detection of pesticides in surface and ground water [1-3] has 
increased experimental studies on pesticide adsorption by soils. 
Adsorption is one of the most important processes affecting mobility, 
persistence, bioactivity, toxicity and efficacy of pesticides in soil 
environment [4-5]. Literature on this aspect has been reviewed by 
Bailey and White [6]. Organo-chlorine pesticides have been used for a 
long time in our country. Endosulphan (hexachloro hexahydro methan 
- 2, 4, 3-benzodiaxathiopin-3-oxide) is a non-systemic most important 
contact and stomach insecticide because of its favourable 
toxicological action and low persistence compared to other chlorinated 
pesticides. Its structure can be represented as : 
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Most of the existing data of pesticides adsorption on soils and 
other adsorbents deals with aqueous solutions [7-16]. However, under 
waste disposal and land treatment sites, it is likely that solution will 
consist of a mixture of water and various miscible organic solvents. 
This is what happens under waste disposal sites where residues of 
pesticides and co-solvents encountered. The presence of solvents may 
increase or decrease the adsorption and movement of pesticides in 
soils. Recently, several researchers [17-22] have focussed on 
adsorption of pesticides from non-aqueous solvents and solvent mixed 
pesticides. Information of this type of study is not available on 
endosulphan adsorption and movement in soils. Hence, in the present 
study, an attempt has been made to characterise the adsorption and 
movement of endosulphan in aqueous-organic mixed solvent in soils 
with a view to examine the impact of miscible organic solvents 
(acetone and methanol) on the adsorption and movement of 
endosulphan in soils and to evaluate the cosolvent theory proposed 
by Rao et al. [20]. Methanol and acetone were used as cosolvents 
because they are completely miscible with water. Methanol is a proton 
donor while acetone is proton acceptor [23]. The work is important in 
assessing near source endosulphan transport/movement in soil in the 
event of spill or discharge of organic wastes containing water soluble 
solvents. 
4.2 COSOLVENT THEORY (As described in Chapter III) 
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4.3 EXPERIMENTAL 
4.3.1 Reagents 
Endosulphan (35% EC) was obtained from M/s Indo-Gulf 
Fertilizers and Chemicals Corporation Limited, Sultanpur (UP), India. 
Pyridine - C.D.H. (P) Ltd. Bombay - New Delhi. 
Methanol - L.R. Grade, Glaxo India Ltd. 
Acetone - L.R. Grade Glaxo India Ltd. 
Sodium hydroxide - L.R. Grade BD.H. India Ltd. 
n-hexane - C.D.H. (P) Ltd., Bombay 
Pyridine Solution - Add 4.0 ml of distilled water to 96 ml of 
A.R. grade pyridine. 
0.025 N Methanolic-Sodium Hydroxide Solution 
4.0 g of B.D.H. grade Sodium hydroxide was dissolve in L.R. 
grade methanol; cooled to room temperature, and made to 100 ml, 
with the methanol. The 10 ml of this solution was diluted to 400 ml 
with methanol. The reagent is stable for several weeks and therefore 
stored. 
Pyridine-Methanolic Sodium Hydroxide Reagent 
A 10 ml of the 0.025 N methanolic sodium hydroxide was 
added to 50 ml of the pyridine solution. This reagent is stable for 
only 6 hours and was made just before use. 
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Endosulphan Solution 
A stock solution of endosulphan of concentration (1000 ng ml"1) 
was prepared by dissolving 0.2857 gm of endosulphan (35% EC) in 
100 ml of methanol and acetone respectively. A 20 ml of this solution 
was diluted to 100 ml in methanol/acetone to get 200 ug ml"1 
endosulphan solution. 
4.3.2 Apparatus 
Electrical Balance 
Oil Bath 
Water bath 
Electric Oven 
Sieves 
Varanasi Balance Works, Varanasi, India. 
100°C±2°C 
Scientronic 
Tempo India Ltd. 
British Standard Sieves 
Stop Watch 
Centrifuge 
Spectrophotometer 
Racer Swiss made 
Remi India Ltd. 
Spectronic "20" - Bausch and Lomb 
(U.S.A.) 
4.3.3 Collection of Soil Samples 
The surface soil samples (0-30 cm) of sandy loam and loam 
soils were collected from Pilibhit and Jhansi districts of UP. (India) 
respectively. The soils were dried, crushed and seived and their 
physico-chemical properties such as pH, EC, organic matter, organic 
carbon, CaC03, clay contents, Cation Exchange Capacity (C.E.C.) and 
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surface area were determined by standard techniques and values 
obtained are summarized in Table 1 of Chapter - II. 
4.3.4 Preparation of Standard Curve of Endosulphan 
For preparation of standard curve (Fig. 11) of endosulphan, 
Maitlen et al. [24] method was used in which varying volumes (0 to 5 
ml) of 10 jig ml"1 endosulphan solution were pipetted into a number 
of glass stoppered test tubes. It was diluted to a volume of 10 ml with 
methanol and evaporated to dryness in the warm water bath using a 
gentle steam of air. The temperature of warm-water bath was 
maintained at about 50°C. The samples were removed from the bath 
and 5 ml of methanolic-sodium hydroxide pyridine reagent was added 
and was placed in the oil bath for four minutes. After it was removed 
from the bath and placed in ice water for 1 minute (care was taken at 
this point to loosen the stoppers since cooling may cause them to 
freeze in the tubes). Pink colour may persist. The solution was 
decanted into 1-cm cuvette and the absorbance was recorded within 10 
minutes at 520 nm, using reagent blank as a reference with the help 
of Bausch and Lomb spectronic-'20' spectrophotometer. 
4.3.5 Adsorption Procedure 
Batch equilibrium adsorption isotherms were obtained in 
methanol-water and acetone-water mixtures. Four fs values (0.25, 0.50, 
0.75, 1.0) were utilised by taking eight concentrations of endosulphan 
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(100, 200, 300, 400, 500, 600, 800 and 1000 jig) solutions in different 
flasks. The experiments were conducted in duplicate and each 
isotherm determination consists of sixteen flasks for each of eight 
endosulphan doses and one blank containing soil with no endosulphan. 
The total volume of each flask was made 20 ml by adding requisite 
volume of methanol, acetone and water to get the desired fs values. To 
these solutions 1 gm of each soil was added and suspensions were 
kept at 20 ± 1°C in an incubator for 24 hours with shaking period of 
three hours. Preliminary experiments have indicated that there was no 
measurable increase in endosulphan adsorption beyond 12 hours in 
both cosolvents. The suspensions were then centrifuged at 10,000 rpm 
for 10 minutes using a Beckman Model L3-50 Ultracentrifuge and in 
the supernatant endosulphan was estimated spectrophotometrically [24] 
at 520 nm to calculate the amount of endosulphan adsorbed. 
4.3.6 Soil TLC Technique 
Soil T.L.C. technique was also used to examine the effect of 
cosolvents (acetone and methanol) on the movement of ensodulphan in 
soils. Soil TLC plates of 0.5 mm thickness were prepared by 
spreading soil-water slurry having 2:1 soil-water ratio on 20x20 cm. 
clean galss plates with the help of the TLC spreader [25-26]. After 
drying two lines at 3 cm and 13 cm above the base were scribed on 
to the TLC plates and endosulphan was spotted with the help of the 
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lambda pipette. The plates were then developed in different volume 
fractions of acetone and methanol (fs = 0.0, 0.25, 0.50, 0.75 and 1.0) 
solutions upto the upper line by ascending chromatography. A 2 cm 
wide strip of paper towel moistend with different eluents was wrapped 
around the bottom of the plates to prevent disintegration of the soil 
layer when in contact with different eluents. The movement of 
endosulphan was detected by keeping the air-dried developed plates in 
a sealed iodine vapour chamber. Brown coloured spots indicated the 
presence of endosulphan. The movement of endosulphan was 
expressed in terms of frontal Rp Rp RB, and RM, values [26] by the 
equations (3-6) as described in Chapter III. 
4.4 RESULTS AND DISCUSSION 
Equilibrium adsorption isotherms of endosulphan at different fs 
values of methanol-water and acetone-water mixtures are shown in 
Figs. 12-13 and Tables 32-47. The isotherms indicate the amount of 
endosulphan adsorbed (fig g"1) soil against the equilibrium 
concentration of endosulphan in jig ml"1, respectively. According to 
classification of Giles et al. [27], the isotherms in both cosolvent 
systems are S-shaped and suggest that the adsorption of endosulphan 
enhanced at higher concentrations. The S-shaped isotherms also 
suggest that the adsorption of endosulphan was easier probably due to 
marked localisation of forces of attraction over the (> S = 0) group of 
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endosulphan leading to interaction with soil sites. On examination of 
Figs. 12-13 the isotherms show that (i) adsorption of endosulphan was 
higher on loam soil than sandy loam soil at all fs values in both 
cosolvent systems (ii) adsorption decreases with increase in fs values 
in both organic cosolvent systems and (iii) adsorption was higher in 
acetone-water mixtures than methanol water mixtures at all fs values 
on both soils. The higher adsorption on loam soil than sandy loam 
soil may be due to greater amount of organic matter content, clay 
content, percentage of calcium carbonate content, surface area and 
lower pH in the former. The lower adsorption at high fs values was 
due to the increased solubility of endosulphan due to the presence of 
cosolvents in aqueous phases [22]. Due to this reason endosulphan 
affinity for soils is lower in presence of cosolvents and affinity of 
endosulphan for soils decreases at increasing rate of cosolvents in 
mixtures. The lower adsorption in methanol-water mixtures in 
comparison to acetone-water mixtures at all fs values may be due to 
H-bonding between OH group of methanol and sulphoxide (> S = 0) 
(electron donating) group of endosulphan while that of acetone have 
dipole-dipole interaction with endosulphan. These two mechanisms of 
interaction could explain the lower adsorption of endosulphan in 
methanol-water mixtures than acetone-water mixtures. 
All adsorption isotherms for soils in both cosolvent mixtures 
were described by Freundlich equation; 
x/m = KC l n (1) 
177 
where K and 1/n are constants depending on nature of endosulphan, 
soils and cosolvents of the system. The values of the K and 1/n for 
soil-endosulphan combinations were obtained using least-square fit to 
the adsorption isotherms (Figs. 14-15) and are summarised in Table 
48. The magnitude of K expresses the relative adsorption capacity for 
the adsorbate [28] for systems having comparable 1/n values and 
extent or degree of adsorption [29]. The value of 1/n provides an idea 
of intensity of adsorption which varies with the nature of the 
adsorbate for a given adsorbent. The values of 1/n <1 for methanol-
water mixtures indicate the degree of non-linearity between solution 
equilibrium concentration and adsorption while that of 1/n > 1 for 
acetone-water mixtures suggest that isotherms were linear thereby 
indicating the dependence of endosulphan adsorption coefficients on 
the fractions of cosolvents in binary mixtures. The K values for 
methanol-water and acetone-water mixtures confirms the above order 
of adsorption and these values also confirm that addition of cosolvents 
to system reduces endosulphan adsorption by soils as proved by 
decrease in K values. The results are in agreement with the theoretical 
approach proposed by Rao et al. [20] quantifying the adsorption and 
transport of hydrophobic organic chemicals from aqueous and 
aqueous-solvent mixtures. They found that adsorption coefficients from 
aqueous organic binary solvent mixtures decreases exponentially as fs 
increases. The higher values of K at all fs values in acetone-water 
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mixtures than methanol-water mixtures confirms that endosulphan 
adsorption was higher in acetone-water mixtures than methanol-water 
mixtures. The decrease in K values with increase in fs in both 
cosolvent systems also confirms that endosulphan adsorption decreases 
with increase in fs values. 
The role of cosolvents on the movement of endosulphan was 
studied by eluting the soil TLC plates spotted with endosulphan with 
different volume fractions (0.0, 0.25, 0.50, 0.75 and 1.00) of acetone-
water and methanol-water mixtures. The values of frontal Rp R}, RB 
and R.. are tabulated in Table 49. Increase in the concentration of 
M 
methanol and acetone in the mobile phase, resulted the higher values 
of frontal Rp Rp RB and decrease in RM values showed increase in the 
movement of endosulphan in both the soil. As the volume fraction of 
methanol and acetone increasing in the mobile phase, continually 
became better solvents of pesticides and hence a strong solute-solvent 
interaction occurred resulting decreasing adsorption of endosulphan. 
The soil TLC experiments were illustrated the role of solute-solvent 
interactions indicating the degree of adsorption of pesticides. The soil 
TLC experiments here illustrated the role of endosulphan-cosolvents 
interaction indicating the degree of adsorption of endosulphan. The 
results are in accordance with the work of Hassett et ai [30] who 
used soil TLC and studied the influence of increasing ethanol content 
on the movement of a-naphthol in aqueous systems. They reported 
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that as the percentage of ethanol increases the movement increases 
which indicated the decrease in adsorption of the organic compounds. 
Similar results were reported by Helling [31], Helling and Turner [25] 
and Singh and Rajkumar [32] while studying the role of solute-solvent 
interaction in hydrophobic adsorption illustrated by soil TLC 
technique. The theoretical approach proposed by Rao el al. [20] and 
Singh [33-34] also show that an increase in organic cosolvent fraction 
resulted exponential decrease in adsorption coefficients due to increase 
hydrophobic organic compounds solubility. The higher movement of 
endosulphan in methanol-water mixtures than acetone-water mixtures 
at all fs values may probably due to the acetone is less polar and have 
diplole dipole interaction with endosulphan. The Rf values (Table 49) 
obtained are inversely proportional to the K and Kd values (Table 48). 
The affinity of endosulphan adsorption towards organic matter 
and clay content of the soils was evaluated by calculating the K and 
Kc values as proposed by Grestl [35] and values so obtained are 
summarised in Table 48. Sandy loam soil had higher Kom values than 
loam soil which is the case of low organic matter. Hamaker and 
Thompson [36] proposed this tendency is due to the fact that organic 
matter may be responsible for making a significant contribution to the 
adsorption. The present study in both cosolvent systems show that 
endosulphan adsorption was better correlated with the clay content of 
the soils than the organic matter content, but attributed to organic 
184 
matter which gave high Kom values. The results are in accordance with 
the work of Wahid and Sethunathan [37], who demonstrated that 
beyond the organic matter 2% in soils the adsorption of parathion 
takes place almost entirely on organic surfaces but at organic matter 
level below 2% the adsorption was significant on clay surfaces or 
inorganic surfaces. 
Statistical average of Kd values for both the cosolvent mixtures 
were evaluated by using the equation (15) as described in Chapter II 
and values so obtained are summarised in Table 48. Higher Kd values 
for loam soil than sandy loam soil also confirms that endosulphan 
adsorption decreases with increase in fs values for both cosolvent 
systems. 
Verification of Cosolvent Theory 
The selected properties of acetone/water mixtures such as 
volume fraction of acetone (fs), mass fraction of acetone (fm) and 
mole fraction of acetone (f ,) were evaluated by the following 
relations : 
fs = V/(V +VW) (2) 
f
m
 =
 n+oyp.) u-wr (3) 
f
mo, = [1+(PwMa + P.MW) (l-fs/fs)]-' (4) 
where V, V are the volumes, P , P are the densities and M. M„, 
«' w ' a' w a' w 
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are the molecular weights of the acetone (a) and water (w), 
respectively and the values are summarised in Table 50. The values of 
volume fraction of methanol (fs), mass fraction of methanol (fm) and 
mol fraction of methanol (Fmo|) were evaluated by equations (8-10) of 
Chapter III. Liquid densities (P ml"1) are based on fm and data for 
20°C were taken from Table 3-III of Perry and Chilton [38]. The 
molar volume V (ml mol"1) for methanol was evaluated by equation 11 
of Chapter III. The liquid densities (P ml"1) values were evaluated 
by using densities of acetone and water respectively. The values of 
molar volume, V ml mol"1 were evaluated from the equation : 
^ mix' 1-^  a mol w ^ moF-" ^ ' 
Adsorption isotherm data as KJ5 K , K and log K used to 
r
 d' m' moc c moc 
evaluated the cosolvent theory are summarised in Table 51. The Km 
values were determined by dividing Kd values by liquid phase molar 
volume (V ml mol"1). K values were normalised on organic carbon 
fraction (f ) of the respective soils giving K values. Linear 
regression of the combined log K
 c data for soils yields equation at 
20°C as : 
log K = -1.32 f + 3.44 (6) 
° moc S v y 
for acetone-water mixtures and 
log K --1.24 f +3.17 (7) 
° moc S v ' 
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TABLE - 50 
SELECTED PROPERTIES OF ACETONE - WATER MIXTURES 
Properties 
Volume fraction of acetone ( y 
Mass fraction of acetone (f ) 
Mole-fraction of acetone (f ,) 
v
 mol' 
Liquid density Pmjx, (g ml"1) 
Molar volume V (ml mol1) 
Volume fraction of Acetone (fs) 
1.00 
1.00 
1.00 
1.00 
0.792 
73.33 
0.75 
0.75 
0.4425 
0.4246 
0.844 
41.52 
0.50 
0.50 
0.2212 
0.1974 
0.895 
28.95 
0.25 
0.25 
0.1475 
0.0758 
0.947 
22.22 
0.00 
0.00 
0.00 
0.00 
0.998 
18.00 
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for methanol-water mixtures by plotting log K versus fs (Fig. 16). 
On the basis of this data for endosulphan adsorption on soils, values 
of log Kmoc are well described by a single line over the entire range 
of fs studies in both cosolvent systems. These data show that the 
cosolvent theory applies to endosulphan adsorption as has been 
observed for adsorption of other solutes to soils from methanol-water 
and acetone-water mixtures [18, 22]. The data of both systems 
collapse to a single line (Fig. 16) when normalised on f as would be 
expected according to cosolvent theory [20]. 
Extrapolated Estimate of Aqueous Phase Partition Coefficient Kdw 
The intercept values 3.44 and 3.17 in equations 6 and 7 are 
equal to the logarithm of the aqueous phase partition coefficients (KdW 
mol g"1) values for endosulphan obtained from adsorption data of 
acetone-water and methanol-water mixtures, respectively. These values 
are almost the same and by taking the average of intercept value, the 
average value comes out to be 3.31. This value represent the 
logarithm of the aqueous phase partition coefficient (KdW mol g"1) for 
endosulphan. This value can be converted correspond to conventional 
dimensionless units by adding to it log V for water (log V = 1.26). 
The values of aqueous phase partition coefficients (KdW ml g"1) for 
adsorption of endosulphan to soils can be determined and comes out 
to be 4.57 ml g1. 
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1. log Kmoc E -1.32 f t • 3.44 (Acetone-water mixtures) 
2.log Kfnoc * - 1 . 2 4 f s + 3.17 (Methanol -water mixtures) 
0 25 050 0 75 1.0 
Volume traction of cosoivcnts (t$) 
FIG 16 LOG -LINEAR PLOTS OF ADSORPTION 
PARTITION COEFFICIENTS LOG Kmoc Vs.fs 
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The values of slopes 1.32 and 1.24 for acetone-water and 
methanol-water mixtures of equation 1 as described in Chapter-Ill 
corresponds to the term -aas. The values of slope in Fig. 16 
represents the combined effect of both a and as. The term crs 
represents the effect of acetone and methanol on increase of 
endosulphan solubility. The values of as corresponds to the slopes of 
the log-linear relationship between mole fraction solubilities and 
volume fractions of methanol and acetone fs were calculated as was 
proposed by Fu and Luthy [22] by using the solubilities 330,000 fig 
ml1, 110,000 ng ml1 and 0.325 ng ml1 of endosulphan in acetone, 
methanol and cosolvents free water, respectively. The apperent values 
of <TS was evaluated by dividing ccas by as and comes out to be 0.92 
and 0.97 for acetone-water and methanol-water mixtures, respectively. 
In both the cosolvents the o\, values were less than unity and suggest 
that perhapes acetone and methanol cosolvents-soil interactions were 
responsible for more effective adsorption at high fs. The less value of 
a in acetone-water mixtures as compared to methanol-water mixtures 
speculate that acetone expanded the greater soil organic matter matrix 
than methanol resulting the increase accessibility of endosulphan to 
the soil organic matter. The manner in which this phenomenon impacts 
the adsorption of endosulphan to soils in presence of cosolvents 
(acetone, methanol) is an issue for further study. 
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on Soils 
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Chapter - V 
Influence of Different Factors on the Adsorption of 
Endosulphan (Hexachloro-Hexahydro Methan-2,4,3-
Benzodiaxathiopin-3-Oxide) in Soils. 
5.1 INTRODUCTION 
Endosulphan (hexacMoro-hexahydromethan-2,4,3-benzodiaxamiopin - 3 -
oxide), is a non-ionic systemic, contact and stomach insecticide belongs to 
organo chlorine cyclodiene group. It is effective against several insects and 
mites on variety of crops, is widely used because of its favourable 
toxicological action and low persistence in comparison to other chlorinated 
pesticides. Its effectiveness like that of any soil-applied pesticides, however 
depends upon physico-chemical properties of the soils, environmental 
conditions and its ability to reach the target organisms in an adequate 
concentration for a certain period of time. While soil adsorption, plays a 
significant role affecting its bioactivity, mobility, persistence, toxicity and 
efficacy [ 1,2], literature on this aspect has been reviewed by Bailey and White 
[3]. Most of the data on pesticide adsorption deals with aqueous solutions [4-
7]. However, under waste disposal and land treatment sites it is likely that the 
soil solution will consists of mixture of water and various miscible solvents. 
Due to this reason, in natural environment pesticides adsorption could occur 
in mixture of water and organic solvents. 
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In view of the encouraging results obtained during the course of 
our earlier studies [8] on the influence of varying volume fractions of 
organic solvents such as acetone and methanol, on the adsorption of 
endosulphan on soils, it was considered desirable to extend the work 
to some other factors such as exchangeable cations (H" and Na+), 
organic matter, surfactants (non-ionic and anionic), and temperatures 
in the adsorption of endosulphan on two different soil types at fixed 
(0.25 fs) volume fraction of methanol. The thermodynamic parameters 
were also evaluate for the interaction of endosulphan with soils. 
5.2 EXPERIMENTAL 
5.2.1 Reagents 
All chemicals and reagents used were the same as described in 
Chapter - IV. 
Endosulphan Solution 
A stock solution of endosulphan of concentration (1000 jig ml"1) 
was prepared by dissolving 0.2857 gm of endosulphan (35% EC) in 
100 ml of methanol. A 20 ml of this solution was diluted to 100 ml 
in methanol to get 200 jig ml"1 endosulphan concentration. 
5.2.2 Apparatus 
All apparatus used were the same as described in Chapter-IV. 
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5.2.3 Collection of Soil Samples 
The surface soil samples (0-30 cm) of sandy loam and loam 
soils were collected from Pilibhit and Jhansi districts of U.P. (India) 
respectively. The soils were dried, crushed and seived and their 
physico-chemical properties such as pH, EC, organic matter, organic 
carbon , CaCO_v clay contents, C.E.C. and surface area were 
determined by standard techniques and values are summarised in Table 
1 of Chapter II. 
5.2.4 Preparation of H-Soil, Na-Soil and Organic Matter 
Removed Soil 
The H- and Na- soils were prepared by Aldrich and Bauchanans 
method [9] and organic matter removed soils by method of Black 
[10] as described in Chapter II. 
5.2.5 Preparation of Standard Curve of Endosulphan 
Standard curve of endosulphan was prepared by the method 
proposed by Maitlen et al. [11] as described in Chapter IV. 
5.2.6 Adsorption Procedure 
Adsorption of endosulphan on two different types of soils was 
done by batch shake technique at fixed (0.25 fs) volume fraction of 
methanol in duplicate. Suitable adiquots 0.0, 0.50, 1.0, 1.5, 2.0, 2.5, 
3.0. 4.0 and 5.0 ml of endosulphan solution (200 fig ml1) were taken 
in different 50 ml glass stoppered conical flasks. The final suspension 
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of each flask was made upto 20 ml by adding requisite volume of 
methanol and distilled water to get the desired fs (0.25) value and 1 
gm of each natural and amended soil was added. The suspension 
obtained were kept at 20 ± 1°C in an incubator for 24 hours. The 
suspensions were then centrifuged at 10,000 rpm for 10 minutes using 
Backman Model L3-50 Ultracentrifuge and in the supernatants 
endosulphan was estimated spectrophotometrically [II] at 520 nm. The 
amount of endosulphan adsorbed was calculated from the difference 
between the amount of endosulphan added and the left in equilibrium 
suspension. 
Effect of Surfactants 
The effect of anionic (sodium dodecyl sulphate) and non-ionic 
(Tween '20') surfactants on endosulphan adsorption on natural soils 
were studied by using the same procedure with the addition of 5 ml of 
0.1% surfactant solution in each flask before making a 20 ml final 
volume with methanol and distilled water. 
Effect of Temperature 
To study the effect of temperature, suspensions prepared as 
above were shaken at 10°C, 20°C and 40°C using natural soils as 
adsorbents. The 10°C temperature was maintained with the help of the 
ice water. 
The statistical average of distribution coefficient (Kd) values 
were determined by using the equation (15) as described in Chapter II; 
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5.3 EVALUATION OF THERMODYNAMIC PARAMETERS 
The thermodynamic parameters such as thermodynamic 
equilibrium constant (K0), standard free energy (AG0), standard 
enthalpy (AH0) and standard entropy (AS0) changes were calculated by 
the same equations (16-22) as described in Chapter II. 
5.4 RESULTS AND DISCUSSION 
Adsorption isotherms (Figs. 17-18, Tables 52-67 ) for all the 
treatments/ effects were similar to class 'L' as defined by Giles et al. 
[12] indicating the soil possessed average affinity for adsorption for 
endosulphan. Similar results were obtained by Balasubramanian and 
Mathan [13]. The isotherms show that endosulphan adsorption for all 
the treatments/effects was higher on loam soil than sandy loam soil. 
The higher adsorption on loam soil may be due to greater amount of 
organic matter, clay, CaC03 contents, higher surface area and CEC 
and lower pH (Table 1) in loam soil than sandy loam soil [3]. The 
endosulphan exhibited the maximum affinity for H-soils and minimum 
av 40°C and the adsorption followed the order as; H-soil > Na-soil > 
Natural soil at 10°C > Natural soil at 20°C > Non-ionic surfactant > 
Organic matter removed soil > Anionic surfactant > Natural soil at 
40°C for both soils. 
In general adsorption data for all the treatments/effects were 
fitted to the Freundlich equation 
x/m = K Ce1/n (1) 
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The values of K and 1/n were obtained by using least square fit to the 
adsorption isotherms (Figs. 19-20, Curves A to H) and values obtained 
are tabulated in Table 68. In all the cases the coefficients of 
determination (r2) values were greater than 0.95. The order of 
adsorpiton mentioned above is directly proportional to the K values. 
The statistical average of Kd (Table 68) obtained for all the 
treatments/effects also confirms the above order of adsorption. 
Endosulphan is a non-ionic molecule, possessing higher polarity 
at the sulphur and oxygen of the sulphoxide group due to inductive 
and electromeric effects. The sulphoxide (S > = O) group may thus 
interact with hydrogen and sodium saturated soils. The mechanism of 
endosulphan interaction on hydrogen and sodium saturated soils could 
be due to protonation and combination as shown below : 
a L ci J 
ci L ji J 
Comparison of the adsorption of endosulphan on hydrogen soils (Figs. 
17-18, Curves A and B, Tables 58-61) with that on sodium soils 
revealed that higher adsorption was obtained on hydrogen soils may be 
• • 1 I I I I 1 1 I I I I I I I 1 I I 
-0-2 -0.1 0 0.1 0.2 0.3 0.4 0.S 0.4 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 IS 1.C 
logC* 
FIG. 19 FREUNDLICH ISOTHERMS FOR ADSORPTION OF ENDOSULPHAN 
ON OIFFCRENT FORMS OF LOAM SOIL 
_L _L -L 
A »H-Soil 
6 ©No-Soil 
C A Natural Soil at 10*C 
D X Natural Soil at 20°C 
E A Non-ionic Surfactant 
F o Organic matter removed 
G • Anionic Surfactant 
H • Natural Soil at 40*C 
J I I I I I I I i i t i i 
0.1 0.2 0.3 0.A 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 
log Ce 
FIG. 20 FREUNDLICH ISOTHERMS FOR ADSORPTION OFENDOSULPHAN 
ON OIFFERENT FORMS OF SANDY LOAM SOIL 
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due to the lower pH of hydrogen soils. The results are in accordance 
with the work of Dregne et al. [14]. Singhal and Singh [15], Supak et 
al [16], Singh et al. [17] and Sharma et al. [18], who also observed 
higher adsorption of 2,4-D, dimecron, aldicarb and oxamyl and lower 
movement in hydrogen saturated soils. The weak adsorption on sodium 
soils in contrast to the strong adsorption on hydrogen soils further 
confirms the above interaction. Reduced adsorption in sodium soils 
may be due to non availability of protons at higher pH and the 
presence of competing basic ions on soil surfaces. A smaller number 
of exchange sites appears to be occupied in sodium system than in 
hydrogen system. 
The adsorption on organic matter oxidised soils showed a 
considerable reduction as compared to corresponding natural soils 
(Figs. 17-18, Curves D and F, Tables 56-57). The lower K and Kd 
values (Table 68) in oxidised soils show that adsorption affinity for 
endosulphan decreased than that for natural soils incicating importance 
of organic matter in adsorption of endosulphan. 
The specific endosulphan adsorption towards organic matter 
(Kom) and clay content (Kc) of the soils was calculated by dividing the 
distribution coefficient Kd values by organic matter fraction and clay 
fraction of the soils Grestl, [19] and values obtained are summarised 
in Table 68. Sandy loam soil had higher K values than loam soil 
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which is the case of low organic matter content. Hamaker and 
Thompson [20] proposed this tendency is due to the fact that clay 
content may be responsible for making a significant contribution to 
the adsorption. The present study shows that endosulphan adsorption 
was better correlated with the clay content of the soils than the 
organic matter content, but attributed to organic matter which gave 
high K values. The results are in accordance with the work of 
D
 om 
Wahid and Sethunathan [21] who demonstrated that beyond the 
organic matter 2% in soils the adsorption of parathion takes places 
almost entirely on organic surfaces but at organic matter level below 
2% the adsorption was significant on clay surface or inorganic 
surfaces. 
The adsorption of endosulphan was higher (Figs. 17-18, Curves 
D, E and G, Tables 64-67) on soils in presence of non-ionic 
surfactants than anionic surfactant but in both the cases the adsorption 
was less than that of natural soils at 20°C. The decrease in adsorption 
in presence of surfactants may be due to differences in the 
solubilization of endosulphan in presence of non-ionic and anionic 
surfactants. The enhancement of solubility and therefore mobility of 
non-ionic organic compounds by surfactants has been observed by 
many researchers and this theory has been applied to remediation of 
contaminated soils and restoration of aquifers [22]. Similar results 
were reported by Hower [23], Huggenberger et al. [24] and Sharma et 
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al. [18] who studied the effects of surfactants on adsorption and 
mobility of pesticides in soils. 
When the effect of temperature on the adsorption of 
endosulphan on soils was compared, it is clear from the isotherms 
(Figs. 17-18, Curves C, D and H, Tables 52-55 and 62-63) that 
endosulphan adsorption decreases with increase in temperature, as 
expected from the exothermic nature of the adsorption phenomenon. 
The lower adsorption at higher temperature is partly due to the 
weakening of attractive forces between endosulphan and soil sites and 
partly due to enhancement of thermal energies of the adsorbate, thus 
making the attractive forces between endosulphan and soil sites 
sufficient to retain endosulphan. However the nature of the reaction 
remains the same in both the soils. This found further confirmation 
from the K and Kd values (Table 68). Increase in temperature provides 
greater potential impact because the elevation in temperature causes 
loss of water from preferential adsorption sites thereby making these 
sites available to the pesticide. So here decrease in adsorption was 
probably due to weaken of Van der Waal's forces of attraction between 
endosulphan and soils [25]. 
The results of thermodynamic parameters such as 
thermodynamic equilibrium constant K0, standard free energies, 
enthalpies and entropies (AG0, AH0, AS0) changes obtained at 10°, 20°, 
and 40°C are summarised in Table 69. The higher values of 
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thermodynamic equilibrium constant K0 at lower temperature for all 
soil-endosulphan interactions indicating the higher preference of 
endosulphan for soils at lower temperature. The negative values of 
standard free energies (AG0) show that reaction is spontaneous with 
h'gh affinity for endosulphan at all temperatures. The higher values of 
AG0 at 40°C followed by at 20°C and 10°C might be due to weak 
attractive forces at higher temperature. It suggest a high persistence 
and resistence to degradation of endosulphan in soils and also 
confirms the nature of the isotherms obtained at different temperatures 
(Figs. 17-18, Curves C, D and H). The negative values of standard 
enthalpy (AH0) changes indicated that endosulphan interaction with 
soils is exothermic and the products are energetically stable with the 
high binding of the endosulphan to the soil sites. A positive entropy 
changes (AS0) indicates a greater disorder of reaction during 
adsorption of endosulphan on soils at different temperatures. 
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Laboratory of Soil Science, Department of Botany, Faculty of Life Science, Aligarh Muslim University, 
Aligarh-202 002, India 
Received July 27, 1993 
The effects of exchangeable cations (H+ and Na+), autoclaving, organic matter, cationic and 
anionic surfactants, and temperature on the adsorption of carbofuran on two different types of 
soils were studied. The adsorption isotherms for all effects/treatments were in close agreement 
with the Freundlich equation and yielded S-shaped isotherms. The amount of carbofuran adsorbed 
in all cases was higher in Jhansi red loam soil than in Pilibhit sandy loam soil and was related to 
organic matter content, clay content, CaC03 content, surface area, and cation-exchange capacity 
of the soils. The adsorption on soils from both sites follows the order H soil -»• Na soil -» natural 
soil at 25°C •*• autoclaved soil -* soil from which organic matter had been removed - • cationic 
surfactant -*• anionic surfactant -*• natural soil at 50°C and was in accordance with Freundlich 
constant K values and distribution coefficient Kd values. The adsorptive capacity of carbofuran 
for organic matter and clay content for both the Jhansi and the Pilibhit soils was also evaluated 
by calculating A^, and A^  values, and it was found that the carbofuran adsorption was better 
correlated with clay content than with organic matter content of soils. On the basis of adsorption 
isotherms, various thermodynamic parameters such as the thermodynamic equilibrium constant 
KQ, standard free energy (AC) changes, standard ethalpy (AH°) changes, and standard entropy 
(AS°) changes have been calculated in order to predict the nature of isotherms. © 1994 Academic 
Press, Inc. 
INTRODUCTION 
The use of pesticides is well known in modern agriculture due to the introduction 
of high-yielding varieties of crops and their extensive use for crop production measures. 
Adsorption is one of the most significant processes affecting the bioactivity, mobility, 
persistence, toxicity, and efficacy of pesticides in the soil environment (Lundie, 1971; 
Weed and Weber, 1974). Literature on this aspect has been reviewed by Bailey and 
White (1970). Carbamate pesticides are used increasingly in agriculture as a replacement 
for more environmentally persistent organochlorines and organophosphorus-contain-
ing pesticides. Carbofuran is a systemic nonionic broad-spectrum carbamate insecti-
cide/nematicide and is used on a large scale for control of nematodes in soils. Its 
structure can be represented as 
O—C—NHCH3 
II O 
Recently, its adsorption on soils, fly ash, antimony(V) silicate, and Sn(IV) arsenosilicate 
cation exchangers was studied by Singh el al (1987), Felsot and Wilson (1980), Kumari 
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et al. (I988a,b), Varshney et al. (1987), and Khan and Singh (1987). But literature 
pertaining to adsorption of carbofuran on different types of Indian soils is very scanty. 
Hence, this investigation was begun to study the effect of exchangeable cations (H+ 
and Na+), autoclaving, organic matter, cationic, anionic surfactants, and temperature 
on carbofuran adsorption on two different types of soils and to relate the Freundlich 
constants and distribution coefficients to various soil properties. The purposes of this 
study were to understand the basic chemistry of carbofuran in soils and to evaluate 
the thermodynamic parameters for the interaction of carbofuran with soils. 
MATERIALS AND METHODS 
The soil samples used for these studies were collected from cultivated fields at 0-
30 cm depth from (i) tarai sandy loam from the Pilibhit district (U.P.) and (ii) red 
loam soil from the Jhansi district (U.P.). Soils from both sites were ground in a hammer 
mill fitted with a 100 mesh sieve to obtain samples with a small and nearly homo-
geneous particle size. The physicochemical properties of the soils were determined by 
the standard techniques, and values are summarized in Table 1. 
Carbofuran (Furadan 3G) was obtained from Pesticide India (Udaipur, Rajasthan). 
All other chemicals and reagents were of (BDH) AR grade. 
A stock solution of carbofuran (1000 jig ml-1) was prepared by dissolving 0.1 g of 
active ingredients in 100 ml of methanol. Fifty milliliters of this solution was diluted 
to 250 ml in methanol, giving a 200 ^g ml-1 carbofuran concentration. 
Preparation of Soils 
The hydrogen-saturated and sodium-saturated soils were prepared per Aldrich and 
Buchanan's method (1958), organic matter was removed from the soil using the Black 
(1965) method, and the soils were autoclaved as described by Koskinen and Cheng 
(1982). These soils were used as adsorbents for studying the effect of exchangeable 
ions (H+ and Na+), organic matter, and autoclaving on carbofuran adsorption. 
Adsorption Studies 
The adsorption of carbofuran on natural soils, soils from which organic matter had 
been removed, autoclaved soils, H soil, and Na soil was analyzed by the batch equi-
TABLE 1 
COMPOSITION AND PHYSICOCHEMICAL PROPERTIES OF SOILS 
Properties Tarai soil Red soil 
Mechanical composition 
Sand (%) 
Silt (%) 
Clay (%) 
Texture 
PH 
EC(dsec m"1) 
Organic matter (%) 
CaCOj (%) 
CEC (C mol(P*)kg-') 
Surface area (m2/g) 
54.37 
32.13 
13.50 
Sandy loam 
9.0 
3.14 X lO"" 
0.35 
0.45 
4.7 
34.8 
45.85 
38.15 
16.00 
Loam 
7.5 
3.92 X 10 
0.59 
4.35 
8.5 
100.4 
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librium technique as described by Singh el al (1987) and Kumar, et al. (1988a,D;. 
One gram of each type of soil was transferred to a number of 50-ml conical flasks 
fitted with screw caps containing varying volumes (0,1,2,3,. . .10 ml) of carbofuran 
solution (200 fig ml"1). The ratio of methanol and distilled water, however, was varied 
in different dilutions (1:14, 2:13, 3:12, 4:11, 5:10, 6:9, 7:8, 8:7, 9:6, and 10:5, respec-
tively). The suspensions were then shaken in a temperature bath controlled SICO 
shaker at 25 ± 1 °C for 3 hr and left overnight. The suspensions were centrifuged at 
10,000 rpm for 10 min using a Beckman Model L3-50 ultracentrifuge, and the su-
pernatants were collected. The amount of carbofuran present in supernatants was 
collected and estimated spectrophotometrically (Mithyantha and Perur, 1974) to cal-
culate the amount of carbofuran adsorbed. 
The effects of cationic (cetyltrimethylammonium bromide) and anionic (sodium 
dodecyl sulfate) surfactants on carbofuran adsorption on the natural soils from both 
sites were studied by using the same procedure with the addition of 5 ml of 1 % surfactant 
solution in each tube before making a 15-ml volume with distilled water. 
To study the effect of temperature, suspensions prepared as above were shaken at 
50 ± 1 °C using natural soils as adsorbents. 
The distribution coefficient (Ka) values for soils from both sites for all treatments/ 
effects were calculated by using the equation 
K
"- Kcef ' (1) 
where 2 indicates the summation of the product of amount of carbofuran adsorbed 
per gram of soil (x/m) and amount of carbofuran in equilibrium suspension per mil-
liliter (Ce) and square of carbofuran in equilibrium suspension. 
The adsorption behavior of carbofuran in all the studies for soils from both sites 
was fitted to the Freundlich equation 
x/m = KC"t, (2) 
where K and n are two empirical adsorption constants determined from the intercept 
and slope, respectively, of the straight line (Figs. 1 and 2, curves A to H). K has the 
dimensions figl~" ml" g_1 and measures adsorption capacity of the various soils at 
equilibrium concentration, and n provides an idea of the identity of adsorption and 
is dimensionless. The values of K and n are presented in Table 2. 
The specific adsorptive capacity for organic matter (A r^o) and the clay content (Kc) 
of the soils were evaluated by dividing the distribution coefficient Kd values by the 
organic matter and clay content present in the soil (Gerstl, 1984); the values are tab-
ulated in Table 2. 
Thermodynamic parameters such as standard free energy (AG°), enthalpy {AH"), 
and entropy (AS0) changes for adsorption of carbofuran are evaluated from the equa-
tions 
AG0 = -RT In Ko (3) 
In ^ 0 7 ; 
K, or,, 
AH" 
R 
J 1_ 
T2 T, 
(4) 
AG° = AH0 - TAS°. (5) 
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FIG. I. Freundlich isotherms for adsorption of carbofuran on different forms of red loam soil of Jhansi. 
To obtain the thermodynamic equilibrium constant Ko, values of ln(CJCc) are 
plotted against C, followed by extrapolation to Q = 0 as described by Biggar and 
Cheung (1973). Here, Q, the surface concentration of carbofuran in nvmol g_l of 
soil, and Ce, the concentration of carbofuran in equilibrium suspension in 
m • mol-1 • Cs, were calculated by using the relation 
(P/M)A 
S/N-x/m' (6) 
where p, M, and A are the density, molecular weight, and cross-sectional area of the 
solvent, respectively, S is the surface area of the adsorbent, and x/m is the amount of 
carbofuran adsorbed. ./Vis Avogadro's number. The cross-sectional area of the solvent 
(cm2), A, is estimated from the equation 
A = 1.091 X 10" 
MX 1024 
N-p 
2/3 
(7) 
The values of thermodynamic parameters obtained from Eqs. (3) to (7) are summarized 
in Table 3. 
RESULTS 
It is evident from Table 1 that the electrical conductance (EC), organic matter 
content, clay content, CaC03 content, cation-exchange capacity (CEC), and surface 
ADSORPTION FACTORS OF CARBOITJRAN ON SOILS 
FIG. 2. Freundlich isotherms for adsorption of carbofuran on different forms of sandy loam soils of 
Pilibhit. 
area of red loam soil were higher in red soil than in sandy loam soil, while pH was 
the reverse order. 
Adsorption isotherms between the amount of carbofuran adsorbed (ng g-1) in soil 
and the amount of carbofuran in equilibrium suspension (pg ml-1) are plotted in Figs. 
3 and 4, curves A to H. It is clear from these isotherms that carbofuran adsorption 
was higher in red loam soil than in sandy loam soil. The isotherms (Figs. 3 and 4) for 
both soil types for all treatments/effects are similar to an S shape (Giles el al, 1960). 
Carbofuran exhibited the maximum affinity for H-saturated soils and minimum affinity 
at 50°C and adsorption follows the order H soil -*• Na soil -*• natural soil at 
25°C -*• autoclaved soil -*• soil from which organic matter was removed -*• cationic 
surfactant -*• anionic surfactant -»• natural soil at 50°C for both red loam and sandy 
loam soils. 
DISCUSSION 
The adsorption isotherms (Figs. 3 and 4, curves A to H) clearly demonstrate that 
carbofuran adsorption was higher in loam soil than in sandy loam soil. This could be 
partly due to the presence of greater amounts of organic matter, clay, and CaC03 and 
higher surface area and CEC m loamy soil. The S-shaped adsorption isotherms for all 
the treatments/effects suggest that the adsorption of carbofuran was easier, possibly 
due to the marked localization of the forces of attraction over the carbonyl group 
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TABLE 2 
VALUES OF FREUNDLICH AND DISTRIBUTION COEFFICIENT FOR THE ADSORPTION 
OF CARBOFURAN ON SOILS* 
Soil 
Hsoil 
Nasoil 
Natural soil at 25°C 
Autoclaved soil 
Organic matter removed soil 
Cationic surfactant 
Anionic surfactant 
Natural soil at 50°C 
Hsoil 
Nasoil 
Natural soil at 25°C 
Autoclaved soil 
Organic matter removed soil 
Cationic surfactant 
Anionic surfactant 
Natural soil at 50°C 
K 
13.49 
10.47 
9.12 
6.61 
4.36 
3.63 
2.75 
1.83 
26.92 
16.98 
13.80 
9.43 
7.87 
6.31 
5.13 
2.51 
1 
n 
1.41 
1.41 
1.30 
1.34 
1.43 
1.43 
1.45 
1.53 
1.29 
1.36 
1.23 
1.29 
1.30 
1.32 
1.32 
1.43 
r
2 
Tarai soil 
0.9910 
0.9714 
0.9960 
0.9997 
0.9946 
0.9881 
0.9912 
0.9785 
Red soil 
0.9947 
0.9906 
0.9951 
0.9883 
0.9895 
0.9975 
0.9936 
0.9836 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
y = 
Regression 
equation 
13.49 + 1.4 U 
10.47 + \A\x 
9.12+ 1.30x 
6.61 + 1.34* 
4.36+ 1.43.x 
3.63+ 1.43x 
2.75 + 1.45A: 
1.83 + 1.52* 
26.92+ 1.29A: 
16.98 + 1.36x 
13.80+ 1.23* 
9.43 + 1.29* 
7.87+ 1.30* 
6.31 + 1.32c 
5.13+ 1.32c 
2.51 + 1.43.x 
K„ 
48.67 
35.25 
26.10 
23.84 
20.95 
19.13 
16.16 
13.48 
59.68 
51.67 
29.77 
26.25 
24.85 
21.25 
17.93 
14.26 
" O B 
7457 
5046 
Ac 
193 
186 
( ) C = 0 ) of carbofuran, leading to an interaction with soil sites. The Freundlich con-
stant A" is a measure of the strength of adsorption (Table 2), with the order of adsorption, 
i.e., H soil -*• Na soil -*• natural soil at 25°C -*• autoclaved soil -*• soil with organic 
matter removed -»• cationic surfactant -+• anionic surfactant -*• natural soil at 50°C, 
conforming with the K values. The statistical average of Kd values (Table 2) also 
confirms the above order of adsorption. 
The mechanism of the carbofuran interaction on H and Na soil could be due to 
protonation or coordination (Scheme 1). Comparisons of the adsorption of carbofuran 
on H soils with that on Na soils revealed that higher adsorption was obtained on H 
soils (Figs. 3 and 4). The higher adsorption on H soils than on Na soils may be due 
TABLE 3 
VALUES OF VARIOUS THERMODYNAMIC PARAMETERS FOR THE ADSORPTION OF CARBOFURAN 
AT TWO TEMPERATURES 
Thermodynamic 
parameter 
AC0 (kcal/mol) 
A//0 (kcal/mol) 
A S° (kcal/mol/degree) 
Tarai soil 
25°C 50°C 
4.36 X 10" 1.96 X 10" 
-15.89 -16.71 
-6.13 
0.0327 
Red soil 
25°C 
3.23 X 10" 
-15.72 
-5.36 
0.0347 
50°C 
1.60 X 10" 
-16.58 
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FIG. 3. Adsorption isotherms of caibofuran on different forms of red loam soils of Jhansi. 
to the lower pH of the H soils. The results are in accordance with the work of Dregne 
et al. (1969), Singhal and Singh (1978), Supak et al. (1976), Singh et al. (1981), and 
Sharma et al. (1985), who also observed higher adsorption of 2,4-r>dimecron, aldicarb, 
and oxamyl on H-saturated soils and lower movement of pesticides in H-saturated 
soils. The weak adsorption on Na soils in contrast to the strong adsorption on H soils 
further confirms the above interaction. A smaller number of exchange sites, appear to 
be occupied in the sodium system than in the hydrogen system. 
The adsorption affinity of carbofuran on soils from which organic matter had been 
removed revealed a considerable decrease (Figs. 3 and 4) in both soils from both sites 
compared with the adsorption of carbofuran on natural soils at 25 °C. The decrease 
in adsorption was due mainly to the decrease in the adsorptive capacity of the soils 
by oxidation of organic matter. This indicates that adsorptive surfaces of organic 
matter have a greater capacity to retain the added carbofuran because organic matter 
itself acts as an adsorbent. 
Examination of Kom and Kc values (Table 2) revealed that the sandy loam soil had 
higher Kom values than the loam soil because sandy loam soil contains less organic 
matter. Hamaker and Thompson (1972) proposed that this tendency is due to the fact 
that mineral phase (clay content) may make a significant contribution to the total 
adsorption. In the present study carbofuran adsorption was slightly better correlated 
with clay content of the soil than with organic matter content because Ac values are 
less than Kom values. The results are in accordance with the work of Wahid and 
Sethunathan (1978), who demonstrated that beyond an organic matter content of 2% 
in soils, the adsorption of parathion takes place almost entirely on organic surfaces, 
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FIG. 4. Adsorption isotherms of carbofuran on different forms of sandy loam soils of Pilibhit. 
but at organic matter content levels below 2%, the adsorption is significant only on 
clay or inorganic surfaces. 
The lower adsorption of carbofuran on autoclaved soils (Figs. 3 and 4) than on 
natural soils at 25 °C could be attributed to alteration of the soil organic matter and 
its adsorption site during autoclaving. Similar results were reported by Fletcher and 
H-Soil 
Na-Soil 
CH3 
CH3 
-C— NHCH3 
II 
O 
X CH3 CH3 
• C —NHCH3 
o 
-> 
• » 
CH3 
CH3 
O C —NHCH3 
II 
•H 
Soil" 
kN 
I / C H 3 
° ^ C H 3 
C—NHCH3 
II 
0 
Soil" 
SCHEME 1 
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Kaufman (1980) and Kumari el al. (1987) while studying the effect of autoclaving on 
adsorption of 3-chloroaniline and movement of amino acids in soils. 
The adsorption of carbofuran was higher in the presence of cationic surfactant than 
in the presence of anionic surfactant, but in both the cases the adsorption was less 
than that on natural soil at 25°C. The results are in agreement with the work of Hower 
(1970), Huggenberger el al. (1973), and Sharma el al. (1985), who studied the effects 
of surfactants on adsorption and mobility of pesticides in soils. 
When the effects of temperature on adsorption of carbofuran on soils are compared, 
it is clear that isotherms reflect that adsorption of carbofuran decreases with a rise in 
temperature, as expected from the exothermic nature of the adsorption process. The 
lower adsorption of carbofuran at 50°C is partly due to weakening of attractive forces 
between carbofuran and soil sites and partly due to enhancement of thermal energies 
of adsorbate, thus making the attractive forces between carbofuran and soil sites suf-
ficient to retain carbofuran. However, the nature of the reaction remains unaffected 
in both soils. 
The higher values of ^o at 25°C than at 50°C again confirm that soils from both 
sites had lower preference at higher temperature. The negative values of standard free 
energy changes (A<7°) indicate that the reactions are spontaneous with high affinity 
for carbofuran and suggested a high persistence and resistance to degradation of car-
bofuran in contact with the soils. Negative values of standard ethalpies (A//°) indicated 
that carbofuran and soil interactions are exothermic and products are energetically 
stable with high binding of carbofuran to soil sites. The positive values of standard 
entropy changes (AS°) recorded in the present investigation indicate the stability of 
the soil carbofuran complex in the system. A single large molecule of carbofuran may 
replace a number of water molecules; thus, there is a large gain in entropy due to 
freedom in the restriction of the water molecules. 
CONCLUSIONS 
These studies demonstrated the higher adsorption of carbofuran in red loam soil 
than in sandy loam soil. Carbofuran exhibited the maximum affinity for H-saturated 
soil followed by Na soil, natural soil at 25 °C, autoclaved soil, soil from which organic 
matter was removed, cationic surfactant, anionic surfactant, and natural soil at 50°C 
for Jhansi red loam and Pilibhh sandy loam soils. Thus, a greater amount of carbofuran 
will be needed for application as the optimum dose in acid soil systems than is needed 
for nematode control. 
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INFLUENCE OF ACETONE AND METHANOL 
(COSOLVENTS) ON THE ADSORPTION OF 
ENDOSULPHAN ON SOILS 
R. P. SINGH* and DHIRENDRA SINGH 
Laboratories of Soil Sciences, Department of Botany, Faculty of Life Sciences, 
Aligarh Muslim University, (U.P.)-202 002. India 
(Received 20 December 1994; Revised 11 March 1996) 
Adsorption of endosulphan on uncontaminated (sandy loam and loam) soils in acetone-water 
and methanol-water mixtures at different fs values has been studied by batch shake technique. 
Higher adsorption of endosulphan was obserbed on loam soil than sandy loam soil and was 
anticipated with Freundlich constant K values and partition coefficient KD values. The K and 
KD values also confirm that adsorption of endosulphan was higher in acetone-water mixtures 
than methanol-water mixtures and decreases with increase in/s values. The data were used to 
evaluate the cosolvent theory for describing adsorption of endosulphan in acetone-water and 
methanol-water mixtures. The aqueous phase partition coefficient KDW (mol/g) normalised on 
foc for endosulphan was evaluated by extrapolating fs = 0. 
Keywords: Organo chlorine insecticide; pesticide adsorption; endosulphan 
INTRODUCTION 
Increased use of pesticides has led greater emphasis on serious environmental 
contamination. Environmental protection has thus become a major issue in 
agriculture during the last several years. The frequent detection of pesticides 
in surface and ground water (Cohen et al, 1986; Hallberg, 1989; Leistra and 
Boesten, 1989) has increased experimental studies on pesticide adsorption 
by soils. Adsorption is one of the most important processes affecting mobility, 
persistence, bioactivity, toxicity and efficacy of pesticides in soil environment 
(Lundie, 1971; Weed and Weber, 1974). Literature on this aspect has been 
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reviewed by Bailey and White (1970). Organo-chlorine pesticides have been 
used for a long time in our country. Endosulphan (hexachloro hexahydro 
methan-2, 4, 3-benzodiaxathiopin 3-oxide) is a non-systemic most important 
contact and stomach insecticide because of its favourable toxicological action 
and low persistence compared to other chlorinated pesticides. Its structure 
can be represented as: 
cu 
a' 
Most of the existing data on adsorption of some pesticides on soils, and 
other adsorbents deals with aqueous solutions (Hilton and Yuen, 1963; Talbert 
and Fletchal, 1965; McGlammery and Slife, 1966 ; Weber and Usinowicz, 
1973; Felsot and Wilson, 1980; Singh et al, 1981; Garg and Agnihotri, 1984; 
Varshney et al, 1986; Khan and Singh, 1987; Kumari et al, 1988). However, 
in natural environment it is likely that pesticide adsorption on soils could 
occur in a mixture of water and organic solvents because under waste 
disposal and land treatment sites it is likely that soil solution will consist of 
a mixture of water and various miscible solvents. Recently, (Walters and 
Gulseppl-Elle, 1988; Arienzo et al, 1993 and Miller et al, 1988) have focussed 
on adsorption of pesticides from non-aqueous solvents and solvent mixtures. 
Information of this type of study is not available on endosulphan adsorption. 
Hence, in the present study, an attempt has been made to characterise the 
adsorption of endosulphan in aqueous-organic mixed solvents such as 
methanol and acetone. Further, the applicability of cosolvent theory proposed 
by Rao et al. (1985) was evaluated and tested. Methanol and acetone were 
used because they are completely miscible with water. Methanol is a proton 
donor while acetone is proton acceptor (Snyder, 1978). The work is important 
in assessing near source endosulphan transport/movement in soil in the event 
of spill or discharge of organic wastes containing water soluble solvents. 
THEORY 
The cosolvent theory was proposed by Rao et al. (1985) to describe the 
adsorption of hydrophobic organic compounds to soils. The theory has been 
applied to the adsorption of several organic compounds having moderate and 
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intermediate hydrophobicity by Nikedi-Kizza et al. (1985); Walters and 
Gulseppl-Elle (1988); and Fu and Luthy (1986). This theory is expressed by 
the equation; 
\og[KmiIKwi] = -aos (1) 
where fs is the volume fraction of cosolvents and Kmi and Kwi are the 
mole-based partition coefficients (mol/g) for water-cosolvents (methanol and 
acetone) mixtures and cosolvents free water, respectively. The terms Gs 
refelects the solute-liquid interactions and represented by the slope of the 
log-linear relationship between mole fraction solubility and/s and a is related 
to solute-soil and solvent-soil interactions via liquid and organic carbon phase 
activity coefficients (Rao et al., 1985; Fu and Luthy, 1986). 
Statistical average of the volume based adsorption partition coefficients 
KD (ml/g) was determined by the relation; 
KD=lx/mCefL(Ce)2 (2) 
where Ce is the equilibrium concentration of the solute in the liquid phase 
(|ig/ml) and xlm is the equilibrium concentration of the solute in the soil 
phase (|ig/g), respectively. 
The mole-based equilibrium adsorption partition coefficient (Km) values 
were determined by the equation; 
Ki^KmlVi (3) 
where Vt is the molar volume of the liquid phase (ml/mol). 
This theory is important for two reasons : 
1. It enables prediction of adsorption of organic solute from a specified 
mixture of water and miscible organic solvents. This has implication 
for understanding the fate and transport of organic contaminants in 
real-world, complex waste streams such as industrial waste and land fill 
leachates. 
2. It can be utilised to estimate the partition coefficient for adsorption from 
aqueous solution by plotting a graph between Km versus f extrapolating 
to / = 0. 
This theory is particularly important because it is very difficult to determine 
the adsorption partition coefficient of highly hydrophobic compounds from 
water. 
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MATERIALS AND METHODS 
The surface soil samples (0-30 cms) sandy loam and loam soils were 
collected from Pilibhit and Jhansi districts of (U.P.), India, respectively. The 
soils were dried, crushed and sieved and its physico-chemical properties were 
determined by the standard techniques. The values are summarised in Table I. 
Endosulphan was obtained from Indo Gulf Fertilizers and Chemicals 
Corporation Limited, Sultanpur, (U.P.). All other chemicals and reagents were 
of B.D.H. (AR) grade. 
Stock solution of endosulphan of concentration (200 ug/ml) was prepared 
by dissolving requisite amount of endosulphan in methanol and acetone, 
respectively. 
Batch equilibrium adsorption isotherms were obtained in methanol-water 
and acetone-water mixtutes. Four/s values (0.25, 0.50, 0.75, 1.0) were utilised 
by taking eight concentrations of endosulphan (100, 200, 300, 400, 500, 600, 
800 and 1000 \xg) solutions in different flasks. The experiments were 
conducted in duplicate and each isotherm determination consists of sixteen 
flasks for each of eight endosulphan doses and one blank flask containing 
soil and no endosulphan. To these solutions 1 g of each soil was added and 
suspensions were kept at 25°C in an incubator for 24 hours with shaking 
period of three hours. Preliminary experiments have indicated that there was 
no measurable increase in endosulphan adsorption beyond 12 hours in both 
cosolvents. The suspensions were then centrifuged at 10,000 rpm for 10 
minutes using a Beckman model L3-50 Ultracentrifuge and in the 
supernatent endosulphan was estimated spectrophotometrically (Maitlen 
et ai, 1963) to calculate the amount of endosulphan adsorbed. 
TABLE I Physico-chemical properties of soils 
Properties Pilibhit soil Jhansi soil 
Mechanical composition: 
Sand (%) 54.37 45.85 
Silt(%) 32.13 38.15 
Clay(%) 13.50 16.00 
Texture sandy loam loam 
pH 9.00 7.50 
EC(dSm-') 3.14x10-" 3.92x10^ 
Organic mater (%) 0.35 0.59 
CaC03(%) 0.45 4.35 
CEC{Cmol(F)Kg-'} 4.70 8.50 
Surface area (m7g) 34.5 100.4 
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RESULTS AND DISCUSSION 
Equilibrium adsorption isotherms of endosulphan at different fs values of 
methanol-water and acetone-water mixtures are shown in Figures 1-2. The 
isotherms indicate the amount of endosulphan adsorbed (|i.g/g) soil against 
the equilibrium concentration of endosulphan (|ig/ml), respectively. According 
to classification of Giles et al. (1960), the isotherms in both cosolvent 
systems are S-shaped and suggest that the adsorption of endosulphan 
enhanced at higher concentrations. The S-shaped isotherms also suggest that 
the adsorption of endosulphan was easier probably due to marked localisation 
900r 
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FIGURE 1 Adsorption isotherms of endosulphan on sandy loam soil. 
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of forces of attraction over the (> S = O) group of endosulphan leading to 
interaction with soil sites. On examination of Figures 1 and 2 the isotherms 
show that (i) adsorption of endosulphan was higher on loam soil than sandy 
loam soil at all fs values in both cosolvent systems (ii) adsorption decreases 
with increase in fs values in both organic cosolvent systems and 
(iii) adsorption was higher in acetone-water mixtures than methanol water 
mixtures at all fs values on both soils. The higher adsorption on loam soil 
than sandy loam soil may be due to greater amount of organic matter content, 
clay content, percentage of calcium carbonate content, surface area and lower 
pH in the former. The lower adsorption at high fs values was due to the 
increased solubility of endosulphan due to the presence of cosolvents in 
900 o-at0 .25fs 
O-at 0.501s 
•~a t0 .75 f s 
A - a t 1.00fs 
• Acetone -water 
mixtures 
X-at0 .25f s 
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A-at 1 OOfs 
• Methanol - water 
mixtures 
) 5 10 15 20 25 30 35 
(Ce) 
Amount of endosulphan in equilibrium suspension ( ,ug ml - 1 ) 
40 
FIGURE 2 Adsorption isotherms of endosulphan on loam soil. 
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aqueous phases (Fu and Luthy, 1986). Due to this reason endosulphan affinity 
for soils is lower in presence of cosolvents and affinity of endosulphan for 
soils decreases at increasing rate of cosolvents in mixtures. The lower 
adsorption in methanol-water mixtures in comparision to acetone-water 
mixtures at all fs values may be due to H-bonding between OH group of 
methanol and sulphoxide (> S = O) (electron donating) group of endosulphan 
while that of acetone have dipole-dipole interaction with endosulphan. These 
two mechanisms of interaction could explain the lower adsorption of 
endosulphan in methanol-water mixtures than acetone-water mixtures. 
All adsorption isotherms for soils in both cosolvent mixtures were 
described by Freundlich isotherm equation; 
x/m = KCeUn (4) 
where K and \ln are constants depending on nature of endosulphan, soils 
and cosolvents of the system. The values of the Freundlich adsorption 
constants K and \ln for soil endosulphan combination were obtained using 
least-squares fit to the adsorption isotherm. These values are summarised in 
Table II. The magnitude of K expresses the relative adsorption capacity for 
the adsorbate (Adamson,1967) for systems having comparable \ln values and 
extent or degree of adsorption (Haque,1975). The value of 1/n provides an 
idea of intensity of adsorption which varies with the nature of the adsorbate 
for a given adsorbent. The values of \ln < 1 for methanol-water mixtures 
indicate the degree of non-linearity between solution equilibrium 
concentration and adsorption while that of \ln > 1 for acetone-water mixtures 
suggest that isotherms were linear thereby indicating the dependence of 
endosulphan adsorption coefficients on the fractions of cosolvents in binary 
mixtures. The K values for methanol-water and acetone-water mixtures 
confirms the above order of adsorption and these values also confirm that 
addition of cosolvents to system reduces endosulphan adsorption by soils 
as proved by decrease in K values. The results are in agreement with the 
theoretical approach proposed by Rao et al. (1985) quantifying the adsorption 
and transport of hydrophobic organic chemicals from aqueous and 
aqueous-solvent mixtures. They found that adsorption coefficients from 
aqueous organic binary solvent mixtures decreases exponentially as fs 
increases. The higher values of K at all/s values in acetone-water mixtures 
than methanol-water mixtures confirms that endosulphan adsorption was 
higher in acetone-water mixtures than methanol-water mixtures. The decrease 
in K values with increase in fs in both cosolvent systems also confirms that 
endosulphan adsorption decreases with increase in f values. 
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The affinity of endosulphan adsorption towards organic matter and clay 
content of the soils was evaluated by calculating the Kom and Kc values as 
proposed by Grestl (1984) and values so obtained are summarised in Table II. 
Sandy loam soil had higher Kom values than loam soil which is the case of 
low organic matter. Hamaker and Thompson (1972) proposed this tendency 
is due to the fact that organic matter may be responsible for making a 
significant contribution to the adsorption. The present study in both cosolvent 
systems show that endosulphan adsorption was better correlated with the clay 
content of the soils than the organic matter content, but attributed to organic 
matter which gave high Kom values. The results are in accordance with the 
work of Wahid and Sethunathan (1978), Who demonstrated that beyond the 
organic matter 2% in soils the adsorption of parathion takes place almost 
entirely on organic surfaces but at organic matter level below 2% the 
adsorption was significant on clay surfaces or inorganic surfaces. 
Statistical average of KD values for both the cosolvent mixtures were 
evaluated by using the equation (2) and values so obtained are summarised 
in Table n. Higher KD values for loam soil than sandy loam soil also confirms 
that endosulphan adsorption decreases with increase infs values for both 
cosolvent systems. 
VERIFICATION OF COSOLVENT THEORY 
The selected properties of methanol/water mixtures such as volume fraction 
of methanol (f), mass fraction of methanol (fm) and mole fraction of methanol 
(fmol) were evaluated by the following relations; 
fs = VJVm + Vw (5) 
fm=[^{PJPml^-fslfs)T (6) 
/mol =[l + {PwMm+PmMw)(l~fs/fs)]~1 (7) 
where Vm Vw are the volumes, Pm Pw are the densities and Mm Mw are the 
molecular weights of the methanol (m) and water (w), respectively. Liquid 
densities (P^J ml) are based on/m and data for 20°C were taken from Table 
in of Perry and Chiltion (1973). The molar volume, Vml/mol were evaluated 
from the equation: 
H(v^ix)K/mo.+M*a-/mo,))] (8) 
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The values are summarised in Table III. Similar equations were used to 
evaluate the above properties in acetone-water mixtures using volumes, 
density and molecular weights of acetone in place of methanol. The values 
are summarised in Table III. 
Adsorption isotherm data as KD, Km, Kmoc and log Kmoc used to evaluated 
the cosolvent theory are summarised in Table IV. The Km values were 
determined by dividing KD values by liquid phase molar volume (V ml/mol). 
Km values were normalised on organic carbon fraction (f^) of the respective 
soils giving Km0Q values. Linear regression of the combined log Kmoc data 
for soils yields equation at 20°C as: 
1. log Kmoc * -1-32 U • 3.44(Acttonc-wotermi*turts) 
2-'09 Kmoc »- ' -24fs + 3.17(Mcthanol-wattr mixtures) 
8 
E 
0.25 0 50 0.79 1.0 
Volume fraction of cosolvtnts(fc) 
FIGURE 3 Log-linear plots of adsorption partition coefficients K V.f. 
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TABLE HI Selected properties of acetone-water and methanol-water mixtures 
Properties Volume fraction of cosolvents (fj 
1.00 0.75 0.50 0.25 0.00 
Acetone-water mixtures 
1.00 0.75 0.50 0.25 0.00 
1.00 0.4425 0.2212 0.1475 0.00 
1.00 0.4246 0.1974 0.0758 0.00 
0.792 0.844 0.895 0.947 0.998 
73.33 41.52 28.95 22.22 18.00 
Methanol-water mixtures 
1.00 0.75 0.50 0.25 0.00 
1.00 0.704 0.442 0.209 0.00 
1.00 0.572 0.309 0.130 0.00 
0.792 0.872 0.927 0.965 0.998 
40.40 29.80 24.10 20.50 18.00 
log AT^ =-1.32/, +3.44 (9) 
for acetone-water mixtures and 
logJfmoc=-1.24/, +3.17 (10) 
for methanol-water mixtures by plotting log Kmoc versus fs (Fig. 3). On the 
basis of this data for endosulphan adsorption on soils, values of log Kmoc 
are well described by a single line over the entire range of/ studies in both 
cosolvent systems. These data show that the cosolvent theory applies to 
endosulphan adsorption as has been observed for adsorption of other solutes 
to soils from methanol-water and acetone-water mixtures (Arienzo, ef al, 
1993; Fu and Luthy, 1986). The data of both systems collapse to a single 
line (Fig. 3) when normalised on fx as would be expected according to 
cosolvent theory (Rao et al, 1985). 
EXTRAPOLATED ESTIMATE OF AQUEOUS PHASE 
PARTITION COEFFICIENT KDW 
The intercept values 3.44 and 3.17 in equations 5 and 6 are equal to the 
logarithm of the aqueous phase partition coefficients (KDW mol/g) values for 
endosulphan obtained from adsorption data of acetone-water and 
methanol-water mixtures, respectively. These values are almost the same and 
by taking the average of intercept value, the average value comes out to be 
Volume fraction of acetone (f) 
Mass fraction of acetone (fj 
Mole-fraction of acetone (/j^ ,) 
Liquid density P^ (g/ml) 
Molar volume V(mVmol) 
Volume fraction of methanol (f) 
Mass fraction of methanol if J 
Mole-fraction of methanl (/^) 
Liquid density P^g/ml) 
Molar volume V(ml/mol) 
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3.31. This value represent the logarithm of the aqueous phase partition 
coefficient (KDWmoVg) for endosulphan. This value can be converted 
correspond to conventional dimensionless units by adding to it log V for 
water (log V= 1.26). The values of aqueous phase partition coefficients 
(KDW ml/g) for adsorption of endosulphan to soils can be determined and 
comes out to be 4.57 ml/g. 
The values of slopes 1.32 and 1.24 for acetone-water and methanol-water 
mixtures of equation 1 corresponds to the term -ao s . The values of slope 
in Figure 3 represents the combined effect of both a and cs. The term os 
represents the effect of acetone and methanol on increase of endosulphan 
solubility. The values of as corresponds to the slopes of the log-linear 
relationship between mole fraction solubilities and volume fractions of 
methanol and acetone fs were calculated as was proposed by Fu and Luthy 
(1986) by using the solubilities 330,000 iig/ml, 110,000 u^/ml and 
0.325 (ig/ml of endosulphan in acetone, methanol, and cosolvents free water, 
respectively. The apperent values of os was evaluated by dividing acs by os 
and comes out to be 0.92 and 0.97 for acetone-water and methanol-water 
mixtures, respectively. In both the cosolvents the a values were less than 
unity and suggest that perhaps acetone and methanol cosolvents-soil 
interactions were responsible for more effective adsorption at high fs. The 
less value of a in acetone-water mixtures as compared to methanol-water 
mixtures speculate that acetone expanded the greater soil organic matter 
matrix than methanol resulting the increase accessibility of endosulphan to 
the soil organic matter. The manner in which this phenomenon impacts the 
adsorption of endosulphan to soils in presence of cosolvents (acetone, 
methanol) is an issue for further study. 
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Influence of Soil Properties on the Adsorption of Endosulphan on Two 
Soils at Fixed Volume Fraction of Methanol 
R.P. SINGH AND DH1RENDRA SINGH 
Laboratories of Soil Science, Department of Botany, Faculty of Life Sciences, A/igarh Muslim 
University, Altgarh, Utlar Pradesh, 202002 
Abstract: The effect of exchangeable ions (H4 and Na*). organic matter, surfactants (non-ionic 
and anionic) and temperature on the adsorption of endosulphan on two different soil types 
(loam and sandy loam) at fixed volume fraction of methanol (0.25 ft) has been studied by batch, 
equilibrium techr'que. The measured equilibrium adsorption isotherms for all the equilibrium 
effects/ treatments were in close agreement with the Frcundlich isotherms The adsorption was 
higher on loam soil than on sandy loam soil and was related to the organic matter content, clay 
content, CaC03 content, CEC and surface area of the soils. Adsorption on both the soils follows 
the order as: H - soil > Na-soil natural soil at 10°C > natural soil at 20°C > non-ionic surfactant > 
organic matter-removed soil > anionic surfactants > natural soil at 40°C and was in accordance 
with the Freundlich constant K and distribution coefficient Kd values. Trie ad so rp! he capacity of 
the endosulphan for organic matter and clay content of the soils was evaluated by calculating 
K^ and Kc values and it was found that endosulphan adsorption was better correlated with clay 
content than organic matter content of the soils. The thermodynamic equilibrium constant (K0), 
standard free energy (AG"), enthalpy (AH0) and entropy (AS0) changes were calculated in order 
to predict the nature of adsorption. {Key words: Adsorption, endosulphan. Freundlich 
isotherms, free energy, enthalpy, entropy) 
Endosulphan (6.7, 8, 9. 10. 10-hcxachloro-l, 5, 5a. 
6, 9, 9a hcxahydro 6, 9 - mcthano - 2, 4, 3 -
benzodiaxathiopin - 3 - oxide) is a non - ionic sys-
temic, contact and stomach insecticide belonging 
to cyclodicne group. It is effective against several 
insects and mites on a variety of crops and is 
widely used because of its favourable toxicological 
action and low persistence in comparison to other 
chlorinated pesticides Its effectiveness, being a soil 
- applied pesticide, however depends upon physi-, 
cochcmical properties of the soils, environmental 
conditions and its ability to reach (he target organ-
isms in an adequate concentration for a certain pe-
riod of time Most of the data on pesticide adsorp-
tion deal with aqueous solutions (Singh etal. 1994: 
Kumari et al. 1988; Felsot & Wilson 1980). How-
ever, under waste disposal and land treatment sites 
it is likely that the soil solution consists of a mix-
ture of water and various niisciblc solvents. Due to 
this reason, in natural environment pesticide ad-
sorption could occur in mixture of water and or-
ganic solvents. 
In view of the encouraging results obtained 
during the course of earlier studies (Singh & Singh 
1996) on the influence of varying volume fractions 
of organic solvents such as acetone and methanol, 
on the adsorption of endosulphan on soils, it was 
considered desirable to extend the work to other 
factors such as exchangeable cations (H* and Na'). 
organic matter, surfactants (non-ionic and anionic), 
and temperatures on the adsorption of endosulphan 
on two different soil types at fixed (0.25 f) volume 
fraction of methanol. The thermodynamic param-
eters were also evaluated for the interaction of 
endosulphan with soils. 
Materials and Methods 
The surface soil samples (0-0.3 m) of loam 
and sands loam soils were collected from Jhansi 
and Piliblut districts of Uttar Pradesh, respectively 
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The soils were dried, crushed and sieved through a 
2 mm sieve and physicochcmical properties were 
determined by standard techniques (Table 1). 
Endosulphan was obtained from M/s Indo-
Gulf Fertilizers and Chemicals Corporation Lim-
ited. Sultanpur (U.P.). Stock solution of 
endosulphan of concentration 200 mg L ' was pre-
pared by dissolving requisite amount of 
endosulphan in methanol-
Tabic 1. Physicochemical properties of the soils 
Properties Tanti soil Red soil 
Mechanical composition 
Sand (%) 
Silt [%) 
C l a y {•>'«) 
Texture 
PH 
Organic carbon (g kg'1) 
CEC [cmol (p*) kg-'l 
CaCOJ(gkg l) 
Surface area (m2 g1) 
54.37 
32.13 
13.50 
Sandy loam 
9.0 
2.0 
4.7 
4.5 
34.8 
45.85 
38.15 
16.00 
Loam 
7.5 
34 
8.5 
43.5 
100.4 
The H* - and Na* - saturated soils were pre-
pared as per Aldrich and Buchanan's (1958) 
method. Organic matter-removed soils were pre-
pared by destruction of organic matter from soils 
by 30% H202 treatments (Black 1965). These soils 
were used as adsorbents for studying the effect of 
exchangeable cations (H* and Na*) and organic 
matter on the endosulphan adsorption. 
Adsorption studies: The adsorption of 
endosulphan on natural, organic matter-removed, 
H* - and Na* - soils was done in duplicate by batch 
equilibrium technique at fixed (0.25 f) volume 
fraction of methanol. Suitable aliquots of 0.0, 0.50, 
1.0. 1.5. 2.0, 2.5. 3.0, 4.0 and 5.0 mL of 
endosulphan solution (200 mg L') were taken in 
different 50 mL glass-stoppered conical flasks. The 
final suspension of each flask was made up to 20 
mL by adding requisite •oluinc of methanol and 
distilled water to get the desired f (0 25) v luc and 
lg of each natural ai<d amended soils was added. 
The suspensions obtained were kept at 20'C in an 
incubator for 24 hours. Preliminary experiments in-
dicated that there was no measurable increase in 
endosulphan adsorption beyond 24 hours. The sus-
pensions were then centrifuged at 10.000 rpm for 
10 minutes using (Bcckinan model L3-50) ullra-
cciiirifugc and in the supcrnatants endosulphan was 
estimated spcctrophotometrically at 520 nm 
(Maitlen el al. 1963) to compute the amount of 
endosulphan adsorbed. 
The effect of anionic (sodium dodecyl sul-
phate) and non-ionic (Tween "20") surfactants on 
endosulphan adsorption on natural soils from both 
soils was studied by using the same procedure with 
the addition of 5 mL of 0.1% surfactant solution in 
each flask before making a 20 mL final volume 
with methanol and distilled water. 
To study the effect of temperature, suspen-
sions prepared as above were shaken at I0°C and 
40°C using natural soils as adsorbents. The 10°C 
temperature was maintained with the help of the 
ice water. 
The distribution coefficient (Kd) values were 
determined by using the formula, 
x/m = K..C . . (1 ) 
where, x/m and Ce were the amount of 
endosulphan adsorbed (mg kg1) and that present 
in solution (mg L') after equilibrium, respectively. 
The statistical average of all the Kd values was cal-
culated by linear regression equation forced 
through the origin, 
Kd = I(x/m.Cey 1(C)1 . ( 2 ) 
where £ stands for the summation of the values. 
Evaluation of thermodynamic parameters: 
The thermodynamic equilibrium constant K0 for the 
adsorption was calculated by the equation proposed 
by Biggar and Cheung (1973) 
where, C, is the amount of endosulphan adsorbed 
per gram of the solvent in contact with soils, Ct 
(ug mL1) is the concentration of the endosulplian 
in equilibrium suspension, y§ and yt arc the activ-
ity coefficients of the adsorbed solute and solute in 
equilibrium suspension, respectively and assumed 
to be unity in dilute range. 
The values of C, were calculated using the 
equation 
C, = |(p/M)A|/|S/N(x/m)| ..(4) 
where, p is the density of the solvent (kg L '), M is 
the molecular weight of the sol\cnt (g mol1), A is 
the cross-sectional i-rca (cm2 per molecule) of the 
solvent molecule. N is the Avogadro's number and 
S the surface area of the adsorbent (m: g ') 
The cross-sectional area of the solvent is esti-
mated by (he equation 
A= I (i«;| x I0'°|M x lO-VNpl^ (5) 
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The value of K0 were obtained by plotting In 
(Cf/Ct) versus C, and extrapolating C§ to zero. 
The standard free energy (AG"), enthalpy 
(AH0) and entropy (AS0) changes for the adsorp-
tion of endosulphan were evaluated from the equa-
tions 6, 7 and 8. 
AG° = -RTlnKo ...(6) 
In PWKo T I | = -AHo/RllAT,-] ,^] ... (7) 
AG°=AH°-TAS0 ...(8) 
Results and Discussion 
Adsorption isotherms (Fig. 1 & 2) for all the 
treatments/ effects were similar to class 'L' as de-
fined by Giles et at. (1960) indicating the soil pos-
sessed average affinity for adsorption of 
endosulphan. Similar results were obtained by 
Ganesan and Lalithakumari (1992) and 
Balasubramanian and Malhan (1996). The iso-
therms show that endosulphan adsorption for all 
the treatments/ effects was higher on loam soil than 
on sandy loam soil. The higher adsorption on loam 
soil may be due to higher amount of organic mat-
ter, clay and CaC03 contents (Table 1) in loam soil 
than in sandy loam soil (Bailey & White 1970). 
The endosulphan exhibited the maximum affinity 
for H - soils and minimum at 40°C and the adsorp-
tion followed the order as: H - soil > Na - soil > 
natural soil at 10°C > natural soil at 20°C > non -
ionic surfactant > organic matter-removed soil > 
anionic surfactant > natural soil at 40°C. 
In general, adsorption data for all the treat-
ments/ effects were fitted to the Freundlich equa-
tion 
x/m = KCe"n ... (9) 
The values of K and 1/n were obtained by 
using least square fit to the adsorption isotherms 
and values obtained are tabulated in table 2 In all 
the cases the coefficients of determination (r3) val-
ues were greater than 0.95. The order of adsorption 
mentioned above is directly proportional to the K. 
values. The statistical average of Kd (Table 2) ob-
tained for all the treatments/ effects also confirms 
the above order of adsorption. 
Endosulphan is a non-ionic molecule, pos-
0 5 10 IS 20 25 30 35 
Amount of endosulphon in equilibrium suspension in>jg m|- '(Ce) 
Fig. 1. Adsorption isotherms of endosulphan on different forms of tarai sandy loain soil of Pilibhit at 0 25 h 
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Amount ol tndosutohon in equilibrium suspension Injugml (C») 
Fig. 2. Adsorption isotherms of endosulphan on different forms of red loam soil of Jhansi at 0.25 fs 
sessing higher polarity at the sulphur and oxygen dium-saturated soils. The mechanism of 
of the sulphoxidc group due to inducive and endosulphan interaction on hydrogen- and sodium-
electrometric effects. The sulphoxide (S > = O) saturated soils could be due to protonation and 
group may thus interact with hydrogen- and so- combination as shown below: 
Dijo-"-""- b§C>»"f»-
n "~ CI CI 
CI 
::xfc 
ci 
^ S s O + N o - i o l l - * 
cT 
CI 
S-O-MQ $oir 
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Table 2. Values of Freundiich and distribution coefficients for the adsorption ofendosulphan on soils 
Soils 
H- - soil 
Na' - soil 
Natural soil at 100C 
Natural soil at 20°C 
Natural soil at 40°C 
OMR - soil 
Non-ionic sufractant 
Anionic surfactant 
H* - soil 
Na* - soil 
Natural soil at 10°C 
Natural soil at 20°C 
Natural soil at 40°C 
OMR - soil 
Non-ionic sufractant 
Anionic surfactant 
K 
"0.79 
50.12 
42.66 
33.88 
19.95 
27.54 
31.62 
22.91 
112 20 
89.13 
79.43 
64.56 
44.67 
56.23 
60.23 
47.86 
l/n 
0.79 
0.87 
0.85 
0.83 
0.86 
0.88 
0.88 
0.86 
0.79 
0.80 
0.80 
0.83 
0.77 
0.81 
0.80 
0.77 
r2 
Sandy loan 
099 
0.99 
0.96 
099 
0.99 
0.99 
0.99 
0.99 
Regression equation 
i soil 
Y = 70.79 + 0 79 x 
Y = 50.12 +0.87 \ 
Y = 42.66 +0.85 x 
Y = 33.88 + 0 83 x 
Y= 19.95 +0.86 x 
Y = 27.54+0.88 x 
Y = 31.62 + 0.88 x 
Y = 22.91 + 0.86x 
Loam soil 
0.99 
0.97 
0.99 
0.99 
099 
0.99 
0.80 
0.99 
Y= 112.20+0.79 x 
Y = 8 9 . l 3 + 0.80x 
Y =79.43 +0.80 x 
Y = 64.56 +0.83 x 
Y = 44.67 + 0.77 x 
Y =56.23 +0.99 x 
Y = 60.23+0.99 x 
Y = 47.67 +0.77 x 
K 
4173 
34.15 
28.21 
2563 
13.11 
18.84 
22.11 
14.87 
71.98 
55.74 
46.60 
41 16 
22.78 
33.68 
37.41 
26.15 
KOM 
7323 
6976 
*c 
190 
257 
Comparison of the adsorption of 
endosulphan on hydrogen soils with that on so-
dium soils revealed (hat higher adsorption was ob-
tained on hydrogen soils than on sodium soils 
which may be due to the lower pH of hydrogen 
soils. The results arc in accordance with the work 
of Drcgne et al. (1969). Singhal and Singh (1978). 
Supak et al. (1978) a ,d Singh el al (1981). who 
also observed higher adsorption of 2. 4-D. 
dimccron. aldicarb and oxamyl and lower move-
ment in hydrogen-saturated soils. The weak adsorp-
tion on sodium soils in contrast to the strong ad-
sorption on hydrogen soils further confirms the 
above interaction. Reduced adsorption in sodium 
soils may be due to non-availability of protons at 
higher pH and the presence of competing basic 
ions on soil surface. A smaller number of exchange 
sites appears to be occupied in sodium system than 
in hydrogen system. 
The adsorption on organic matter-oxidised 
soils showed a considerable reduction as compared 
to corresponding natural soils (Fig. 1 & 2). The 
lower K and Kd values (Table 2) in oxidised soils 
show that adsorption affinity for endosulphan is 
decreased as compared to natural soils, indicating 
thercb> the importance of organic matter in ad-
sorption of endosulphan 
The specific endosulphan adsorption towards 
organic matter (Koin) and clay content (Kc) of the 
soils was calculated by dividing the distribution co-
efficient Kd values by organic matter fraction and 
clay fraction of the soils (Grestl 1984) and values 
obtained arc summarized in table 2. Sandy loam 
soil had higher Km values than loam soil, which is 
the case of low organic matter content. Hamaker 
and Thompson (1972) proposed that this tendency 
was due to the fact thai clay content might be re-
sponsible for making a significant contribution to 
the adsorption. The present study shows that 
endosulphan adsorption was better correlated with 
the clay content of the soils than with the organic 
matter content. The results are in accordance with 
the work of Wahid and Sethunathan (1978) who 
demonstrated that beyond a level of 2% organic 
matter content in soils the adsorption of parathion 
takes places almost entirely on organic surfaces but 
at organic mailer level below 2%. the adsorption 
was significant on clay surface or inorganic sur-
faces. 
The adsorption of endosulphan was higher 
(Fig 1 & 2) on soils in presence of non-ionic sur-
factants than on anionic surfactant but in both the 
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cases the adsorption was less than that of natural 
soils at 20°C. The decrease in adsorption in pres-
ence of surfactants may be due to differences in 
the solubilization of endosulphan in presence of 
non-ionic and anionic surfactant. The enhancement 
of solubility and therefore mobility of non-ionic 
organic compounds by surfactants has been ob-
served by many researchers (Hower 1970: 
Huggenberger etal. 1°73). 
When the effect of temperature on the ad-
sorption of endosulphan on soils is compared, it is 
clear from the isotherms (Fig. 1 & 2) that 
endosulphan adsorption decreases with increase in 
Table 3. Values of thermodynamic parameters associated 
temperature for all soil - endosulphan interactions 
indicate the higher preference of endosulphan for 
soils at lower temperature. The negative values of 
standard free energy (AG") show that reaction is 
spontaneous with high affinity for endosulphan at 
all temperatures. The higher values of AG0 at 40°C 
followed by that at 20° and 10°C might be due to 
weak attractive forces at higher temperature. It sug-
gests a high persistence and resistance to degrada-
tion of endosulphan in soils and also confirms the 
nature of the isotherms obtained at different tem-
peratures (Fig. 1 & 2). The negative values of stan-
dard enthalpy (AH0) changes indicate that 
with adsorption of enduslulphan on soils 
Thermodynamic 
parameters 
AG'fKJmol-') 
AH°(KJmol-') 
AS' (KJmoI-' degree1) 
10°C 
2.89 
- 40.40 
Sandv loam soil 
20"C 
2.54 
- 4 1 51 
-16.91 
0.083 
40°C 
1.37 
-42.73 
10°C 
2.08 
-39.63 
Loam soil 
20°C 
1.62 
-40.42 
- 18.28 
0.075 
40°C 
0.98 
-41.88 
temperature, as expected from the exothermic na-
ture of the adsorption phenomenon. The lower ad-
sorption at higher temperature is partly due to the 
weakening of attractive forces between 
endosulphan and soil sites and partly due to en-
hancement of thermal energies of the adsorbate, 
thus making the attractive forces between 
endosulphan and soil s;tes sufficient to retain 
endosulphan. However, the nature of the reaction 
remains the same in both the soils. This found fur-
ther confirmation from the K and Kd values (Table 
2). Increase in temperature provides greater poten-
tial impact because the elevation in temperature 
causes loss of water from preferential adsorption 
sites thereby making these sites available to the 
pesticide. So here decrease in adsorption was prob-
ably due to weakening of van der Waal's forces of 
attraction between endosulphan and soils (van 
Bladel & Moreale 1974). 
The results of thermodynamic parameters 
such as thermodynamic equilibrium constant Ko, 
changes in standard free energy, enthalpy and en-
tropy (AG0, AH0, AS0) obtained at 10°, 20° and 40"C 
are summarised in table 3. The higher values of 
thermodynamic equilibrium constant K at lower 
endosulphan interaction with soils is exothermic 
and the products are energetically stable with the 
high binding of the endosulphan to the soil sites. A 
positive entropy change (AS0) indicates a greater 
disorder of reaction during adsorption of 
endosulphan on soils at different temperatures. 
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